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SECRET. 





REPORT UPON CERTAIN GASES AND VAPOURS AND 
THEIR PHYSIOLOGICAL EFFECTS. 


INTRODUCTION. 


THE following report is based upon that drawn up for the 
Physiology War Committee of the Royal Society of London. 
The latter report was first issued in September 1915, and revised 
editions of it were published in March 1916 and August 1917. 
With the systematisation of the research work in connection 
with chemical warfare, not only in Great Britain but also in 
France and the United States, and with the adoption of more 
complete and refined methods of investigation, extensive 
additions to our knowledge have been made during the past 
year. The preparation of a new edition of the report, incor- 
porating the recent results, has, therefore, become necessary. 
As much of the information has been obtained by the Chemical 
Wartare Department, and is tabulated in its records, the revision 
has been undertaken in this Department. 

. The preparation of the report involves the sifting and analysis 
of a large number of detailed reports, requiring a considerable 
expenditure of time. Rather than to delay publication until 
the whole of these have been dealt with, it has been thought 
desirable to issue the report in portions, as they become avail- 
able. The collected information will thus be accessible at an 
earlier date and, the report on each substance being printed 
on a separate sheet, it will be easy to attach to it, for record, 
any supplementary report which may be issued at a later date. 

Objections may be raised to any arrangement of the material 
which may be adopted in a report such as this. It is thought, 
however, that an alphabetical arrangement of the elements 
and compounds dealt with is the form most convenient for 
general reference, although it may lead to the wide separation 
of the information concerning different chemical substances 
which have similar physiological effects. To the report on 
each substance is attached a Roman numeral and a number 
(e.g., Acrolein I, 1). When, at a later date, reports are issued 
upon substances to which no reference is made in the present 
edition, they will be numbered in such a way that they can 
readily be inserted in the alphabetical system under this scheme. 
Thus, should a report upon acrylic acid be issued, it would be 
marked I, 2. This system will of necessity break down as the 
number of substances investigated is multiplied, but it will 
serve present purposes and facilitate reference. When supple- 
mentary information is issued in reference to a substance 
reported in the present edition, it will be identified by the 
addition of a letter. Thus, should further important facts 
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concerning acroléin be obtained, a supplementary précis marked 
I, 1, a, will be issued, and any further reports upon the same 
topic would be identified by consecutive letters. 

As soon as the present edition of the report 1s completed, 
a full index, with all necessary cross-references to alternative 
chemical names, will be issued. 

In the previous report reference was made to the difficulty 
which attends attempts to classify substances according to 
their physiological effects. This difficulty is found to be greatly 
enhanced by the accumulation of information. In the present 
issue, under each substance is given a general description of 
the manner in which it acts upon man and other animals, at 
different concentrations. 

Many of the substances which are available for use in gas 
warfare produce their effects—in part, at any rate—by a direct 
irritative action upon the respiratory tract and the terminal 
air cells. The result of their inhalation is ultimately -a more 
or less complete interference with respiration. These substances 
may be termed ASPHYXIANTS. 

Confined to the upper air passages they may reflexly inhibit 
the breathing, and may produce anzsthesia of the mucous 
membrane and abolition of taste and smell.—(Paris experiments). 

If they reach the larynx in quantity they may cause spasm of 
the glottis and almost immediate suffocation. 

Passing into the pulmonary air passages they may cause 
intense bronchial spasm. Further, they may bring about 
necrosis and later on a stripping of the mucous membrane, 
which, in consequence of respiratory movements, leads to a 
mechanical blocking of air channels. 

If they reach the air cells in large quantity they may penetrate 
the epithelium and the capillary walls, and directly affect the 
blood and lead to such local changes as bring about a blocking 
of the pulmonary circulation —(Phosgene.) 

In smaller quantities they may injure in varying degrees the 
bronchial mucous membrane, the epithelium of the air sacs, and 
the capillary walls, without penetrating into the capillary 
vessels. As a consequence, more or less intense .pulmonary 
cdema may set in. Finally, the destruction, of the normal 
defensive mechanism of the pulmonary air channels and _ air 
sacs against bacterial invasion may result in a secondary infective 
pneumonia and infective inflammatory conditions of respiratory 
passages. 

As regards the condition brought about by this class of gas 
after it has affected the air cells, it is generally agreed that it is 
essentially one of oxygen-want in the organism. Everything 
that induces a demand for oxygen in the body is a danger, and 
the extreme importance of rest and warmth in. treatment must 
be emphasised. It is probable that lack of recognition of these 
factors explains many discrepancies in the determinations that 
have been made as to the minimal limits of lethal concentrations. 
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The outstanding character exhibited by another group of 
substances is intense irritation of the eyes. Such substances 
may be classified as Lacurymators. This action is shown in 
low concentrations, but if the concentration is relatively high 
the activity of these substances generally extends to the 
respiratory passages and the air cells, and they then become 
asphyxiants. Such substances usually have a low vapour 
~ tension. 


Many of the substances available for gas warfare have no 
irritant action upon the lungs and air passages. They may 
become absorbed and lead to the cessation and, finally, total 
abolition of the functions of the central nervous system. This 
group of substances may be described as that of PARALYSANTS. 


There are still other characters which may be exhibited. 
The induction of vomiting is shown by some. In other cases 
there is no immediate effect, but a process of slow poisoning may 
occur as the result of protracted exposure. 


With regard to repeated exposures to sublethal doses of 
the same substance, a difference may be shown when comparing 
one gas with another. Increased susceptibility is induced by 
some, diminished susceptibility by others. 

In the last edition of this report, reference was made to 
standard concentrations taken, in the case of certain of the 
substances described, to represent minimum eflective, maximal 
bearable, maximal safe, and minimum lethal concentrations. 

The accumulation of physiological data has shown, however, 
that it is not possible, on the basis of animal experiments, to 
ascertain with any degree of exactitude, the concentration of 
a vapour necessary to incapacitate a man in 30 seconds, the 
highest concentration he can breathe without serious discomfort, 
the concentration he can endure for 12 hours without harm, 
or the least concentration which, for an exposure of 30 minutes, 
would eventually kill him. It is, therefore, considered advisable 
to abandon the use of these terms relating to quantities which, 
since they cannot accurately be determined, may be misleading 
and even dangerous. 

As regards the various details given in this report, it should 
be noted :— 


1. That for each substance the weight of one litre of the gas 
at 0°C. and 760 mm. pressure (N.T.P.) is given. In 
most cases this weight is hypothetical, since the sub- 
stance is incapable of existence as a gas under these 
conditions. It is, however, convenient to assume 
that this could be the case since the hypothetical 
weight is useful in calculating concentrations. 

2. The concentrations in physiological tests are quoted in 
terms of volumes of air containing one volume of 
vapour and in milligrams of substance per litre; the 
figure representing the latter concentration also, of 
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4 : 
course, expresses the concentration in grams per cubic 
metre. 

3. The concentrations quoted in physiological tests have, in 
most cases, been obtained by spraying the substance, 
pure or in solution, in a chamber of known volume, or 
by volatilising it by heat. It is assumed, in quoting 
concentrations, that the whole of the substance has 
been vaporised and remains as vapour throughout the 
experiment. This is, of course, not necessarily the case 
since a part of the substance may be deposited as liquid 
or solid on the walls of the chamber, or it may remain 
suspended in the atmosphere in the particulate state ; 
the concentration is also, of necessity, being pro- 
gressively reduced by the action of the animal in 
breathing the air-vapour mixture. 


In the present edition, the physical data in relation to each 
substance have been given as fully as possible, and reference 
is made to the action of the substances on metals wherever tests 
have been carried out. A knowledge of the vapour pressures 
of the substances at different temperatures and of the coefficients 
of expansion with rise of temperature should prove useful in 
considering what concentrations of the substances are likely 
to be obtained in the field or in dealing with questions of shell 
filling. 

A very brief outline of a method of preparation for each 
substance has also been given. 

This report is compiled under pressure of other urgent work, 
and it cannot be hoped that it is entirely free from inaccuracies 
or omissions. It is hoped, however, that these are not of a 
serious nature; should any be found it is requested that they 
be brought*to the notice of the undersigned, who alone is 
responsible for them. 

Cok. Youne, 
Secretary, 
Chemical Warfare Committee. 


(Sa 


Acrouittn. (Acrylic Aldehyde; Allyl Aldehyde.) CH, : CH.CHO. 


General Properties——Mol. wt., 56. Weight of 1 litre of 
vapour = 2-5 grams. A colourless, mobile liquid with a 
pupeent- cmell> BeP., 52° CC. Dee® — 00-8410; Dl* = 0-843. 
The substance is soluble in water and is readily oxidised to 
acrylic acid on exposure to air; it polymerises, on standing, 
to a white, insoluble, amorphous mass. It is stated that 
polymerisation can be prevented by the addition of (a) sulphur 
dioxide, (6) formaldehyde, (c) amyl nitrite (5 %) and (d) glacial 
acetic acid; a bye-product formed during its manufacture is 
said to have the same effect. 

Acroléin is prepared by distillation of glycerol with potassium 
hydrogen sulphate or magnesium sulphate. 

The substance has no action on tin. 


Physiological Properties—A lachrymatory and _ respiratory 
irritant; its effects upon the eyes and throat occur simultane- 
ously, its action being similar to that of chloropicrin. 


Action on Man— 
1 in 250,000 (0-01 mgms. per litre) causes lachrymation 
and nasal irritation, but does not incapacitate. 
1 in 200,000 (0-012 mgms. per litre) causes lachrymation 
and irritation, incapacitating in one minute.—(Golia.) 
1 in 100,000 (0-025 mgms. per litre) is intolerable.— 
(Cathcart.) 


Action on Dogs— 3 
1 in 5,000 (0-5 mgms. per litre). Half an hour’s exposure 
resulted in death 6 hours later.—(French Report.) 


Action on Rats— 
1 in 1,000 (2-5 mgms. per litre) was fatal in 50 minutes.— 
(Golla.) 
(Revised to 30/4/18.) 
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AtLyL IsoTHIOCYANATR. (Allyl eee Lister ; 
Allyl Mustard Oil). CH,: CH .CH,. NSC. 


General Se lea ie wt., 99. Weieht’ of 1 litre. of 
vapour = 4:42 grams. Vapour pressure at 44-5° C. = 12 mm. 
A liquid one a characteristically penetrating odour. B.P., 
Rood, ©.) DS = 3-017. The substance is sparingly soluble 
in water. 

Allyl isothiocyanate is prepared from natural sources and by 
distillation of allyl bromide or iodide with alcoholic potassium 
or silver thiocyanate. 

Physiological Properties—A lachrymator and_ respiratory 
irritant, affecting especially the nose and throat; in contact with 
the skin it produces blisters. 

Action on Man— 

1 in 250,000 (0-0176 mgms. per litre) causes acute eye 
irritation. 

1 in 100,000 (0-044 mgmis. per litre) is probably the 
maximum breathable concentration, the eyes being 
protected. 

1 in 50,000 (0-088 mgms. per litre) is intolerable after 
2 minutes. Short exposures to concentrations of this , 
order have no pronounced after-effects.—(Starling and 
Golla). 

1 in 20,000 (0-221 mgms. per litre) is intolerable.—- 
(Cathcart). 


Action on Cats— 


1 in 1,000 (4:42 moms. per litre) caused, after 1 hour’s 
exposure, death within the following hour. 


(Revised to 30/4/18). 
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Ammontum Frvuortpr. NH,F. 


General Properties—Mol. wt., 37. Weight of 1 litre of 
vapour = 1-65 grams. Forms colourless, deliquescent crystals of 
the hexagonal system. It is very soluble in water and slightly 
so in alcohol; the substance volatilises on heating. 


Physvological Properties —-The substance possesses comparat- 
ively weak irritant and toxic properties. 


Action on Rats—- 
Exposure for 20 minutes to a concentration of the vapour, 
obtained by gentle heating of the substance, equal to | in 
1,000 (1-65 mgm. per litre) had no lethal effects.—(Hill). 


(Revised to 30/4/18). 





IV. 1. 


ARAROBA OR GoA POWDER. 


Active constituent CHRYSAROBIN (Methyldioxyanthranol). 
CygH, (CH) (OH)s. 


General Properties.—-Araroba is a microcrystalline, yellow 
powder obtained from the tree “‘ andira araroba,” indigenous to 
Brazil. It is shghtly soluble in carbon tetrachloride, but 
readily so in chloroform and benzene. 


Chrysarobin, when pure, takes the form of yellow flakes of 
M.Pt. 203-204° C. It can be prepared by the reduction of the 
corresponding methyldioxyanthraquinone (chrysophanic acid). 


Physiological Properties. —--The powder (araroba) is stated to 
cause lachrymation and irritation of the skin; tests which have 
been made with the purified powder do not, however, confirm 
this statement. Thus, when rubbed into the skin of a human 
subject, no irritant effect was produced, although the powder 
remained in contact with the skin for periods up to one 
hour. Similarly, when concentrated solutions in chloroform 
were allowed to remain on the skin for 10 minutes, the effects 
were practically negligible.—(C.C.P. 2822). 


(Revised to 30/4/18). 





A ae 
ARSENIOUS CHLORIDE. AsCl,. 


veneral Properties —Mol. wt., 181-5. Weight of 1 litre of 
vapour = 8-10 grams. A colourless liquid, fuming strongly in 
ate le Pte 8 Oe Be Pte, 130° ©. 


Its density at different temperatures is as follows :— 
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The coefficient of expansion for temperatures between (” 
and 30° C. is, therefore, 0-00103, and the same value holds good 
for the temperature range — 15° to 50° C. 

The refractive index of arsenious chloride at various 
temperatures is shown below :— 


i hea n 
. {425° C. - - - - 11-6009 
1 eas saci - - - - 1-5967 
300° == - - - a Fp 9th 
36-2 - - - - 1-587) 
dn 


Thus, between 15° and 35° C., = 0° 00063.—(French Report). 


aT 
Arsenious chloride is hydrolysed by excess of water, yielding 
arsenious acid and hydrochloric acid; a considerable amount of 
heat is evolved in the reaction. — 
The pure, dry substance has no action upon cast iron, steel, 
or lead. Arsenious chloride is prepared by passing gaseous 
hydrogen chloride over heated arsenious oxide. 


Physiological Properties —-The substance gives rise to the 
combined effects of arsenical and hydrochloric acid poisoning ; 
it, therefore, has delayed, cumulative effects, and the vapour 
attacks the eyes and mucous membrane. In contact with the 
skin, the liquid causes severe irritation and corrosion, which may 
lead to fatal results. The general toxicity of the substance is 
relatively low. 


Action on Man— 
The vapour is not particularly irritating to unprotected 
observers, at concentrations obtainable in the field. 


Action on Cats— 
After exposure to a concentration of 1 in 2,000 (4°05 mgms. 
per litre) for 20 minutes, produced by spraying, no toxic 
effects were observed.—(Cushny). 


(see over) 


V A, 
Action on Guinea Pigs— 
Exposure to the vapour at concentrations ranging from 
1 in 20,000 (0°405 mgms. per litre) to 1 in 5,000 (1°62 
mems. per litre) for a period of 30 minutes proved fatal. 


—(0.0.P. 3448), 


Action on Rats— 
Exposure for 30 minutes to concentrations less than 
1 in 5,000 has no lethal effect.—(C.C.P. 3448). 
(Revised to 17/4/18). 
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Nal: 
ARSENIOUS FrLuoRIDE. AsFy. 


General Properties—Mol. wt., 132. Weight of I litre of 
vapour = 5:90 grams. A liquid. which fumes strongly in air. 
B. Pt., 638° C. It is rapidly hydrolysed by moisture, yielding 
arsenious and hydrofluoric acids. It has no appreciable action 
on cast or wrought iron, steel or lead. The substance can be 
safely stored in sealed glass vessels, since its slight initial action 
upon glass soon ceases. 

Arsenious fluoride is prepared by distilling arsenious chloride 
or oxide with calcium fluoride and sulphuric acid. 


Physiological Properties—A respiratory irritant and a lethal 
agent which is neither very poisonous nor rapid in its effects. 
It produces severe blisters in contact with the skin. 


Action on Rabbits 
Ten minutes’ exposure to concentrations of 1 in 1,000 
(5-9 mems. per litre) and 1 in 10,000 had no effect, 
either immediate or delayed. Similarly, exposure to a 
concentration of 1 in 800 (7-4 mgms. per litre) had no 
effect.—(Chapman.) 


Action on Rats— 





Twenty minutes’ exposure to a concentration of 1 in 
500 (11-8 mgm. per litre) caused death within 24 hours. 
Similar exposure to concentrations of 1 in 1,000 and 1 
in 5,000 had no lethal effect.—(Hzll.) 


- Action on Mice— 

For concentrations of 1 in 1,000 and 1 in 10,000, 10 minutes 
exposure had no effect. After a similar exposure to a 
concentration of 1 in 500 (11-8 mgms. per litre), how- 
ever, death resulted in 5 hours.—(Chapman.) 


(Revised to 17/4/18.) 





VIl. 1 
Arstng. (Arseniuretted Hydrogen.) AsHs. 

General Properties —Mol. wt., 78. Weight of 1 litre of gag = 
3°48 grams. A colourless gas, with a marked and disagreeable 
garlic-like odour, which is only slightly soluble in water; its 
density, relative to air, is 2-69. The boiling and melting points 
of the substance are respectively — 55° and —113-5°C. Arsine 
is an endothermic compound; on heating, it is decomposed into 
its elements. The liquid is comparatively stable, and is without 
action on lead or steel. The liquid did not undergo appreciable 
decomposition when a cylinder containing it was dropped from 
a height of 2,000 feet, or when a detonator was fired in proximity 
to the cylinder. 

Arsine is prepared by the action of acids on zine arsenide 
or by the action of hydrochloric acid or water upon calcium 
arsenide. It is also produced by the action of “ nascent ”’ 
hydrogen upon soluble arsenic compounds; by none of these 
methods is the substance obtained in a pure state. 

Physiological Properties.—Inhalation of fatal doses of the 
gas results in hemolysis, with subsequent jaundice, nephritis 
and anemia. Death appears to be due to acute nephritis and 
loss of hemoglobin. The first symptoms, which follow inhalation 
of the dose after one or more hours, consist of vomiting, pain in 
the back, weakness, fainting and collapse. Urinary and other 
symptoms also appear. ‘The poisonous effects of arsine are thus 
delayed. ? 

In non-fatal cases, temporary hemoglobinuria and jaundice, 
followed by anzemia, are observed, though in slight cases the first 
mentioned may not occur. Peripheral neuritis is a not uncommon 
symptom of the later stages of non-fatal cases. 

Action on Dogs— 

Twenty minutes’ exposure to a concentration of 1 in 5,300 
(0:65 mgms. per litre) resulted in death.— (U.S.A. Report.) 
Action on Cats— | 
Twenty minutes’ exposure to a concentration of 1 in 
13,000 (0-268 mgm. per litre) had no fatal or permanent 
effect. There was, likewise, no effect on exposure to 1 
in 20,000 (0-174 mgm. per litre) for 18 minutes. 
Exposure to | in 10,000 (0-348 mgm. per litre) for 18 
minutes caused hemoglobinuria, but the subject was 
apparently well the next day. Twenty minutes’ exposure 
to 1 in 5,000 had similar results. 
Exposure for 20 minutes to | in 2,000 caused death in 
20 hours, owing to great destruction of blood cells, etc. 
Exposure to 1 in 1,000 for 20 minutes caused a cat to 
die in 12 hours.—(Hvans. Cushny.) 
Action on Rats, Mice and Rabbits— 
Twelve hours’ exposure to 1 in 100,000 is fatal. 


See also Calciwm arsenide. 
(Revised to 30/4/18.) 





VIII. 1. 


BENZENE. O,He. 


General Properties.—Mol. wt., 78. Weight of 1 litre of vapour 
== 3:48 grams. A colourless liquid with a characteristic smell. 
B. Pt., 80-4° C.; M. Pt., 5-4° C. Its density at 0° C. is 0-899 
and at 20° C. is 0-879. The substance burns in air with a smoky 


flame. 
Benzene is obtained technically in the distillation of coal tar ; 


the pure substance may be Ls ean by distilling benzoic acid 
with lime. 

Physiological Properties.—In high concentrations benzene acts 
as an excitant and subsequently as a narcotic. 





Exposure for 45 minutes to concentrations less than | in 
150 ae 2 mgm. per litre) had no effect. 


(Revised to 30/4/18.) 





IX. 1. 


BENZOYL CHLORIDE. C,H;.COCI. 


General Propertves.—Mol. wt., 140-5. Weight of 1 litre of 
vapour = 6:27 grams. A colourless liquid with a pungent 
wepleasant smelly. B, Pt. 198° C.- M. Pt. —1° Co Density, 
1-212 at 20° C. , 

The substance is immiscible with cold water, but reacts 
slowly with it, in the normal manner of acid chlorides, yielding 
benzoic and hydrochloric acids. 

Benzoyl chloride is prepared by the action of phosphorus 
pentachloride on benzoic acid, or by the interaction of phos- 
phorus trichloride and sodium benzoate. 

Physvological Properties—A lachrymator and_ respiratory 
irritant. 


Action on Man— 

Exposure for 15 minutes to a concentration of 1 in 530,000 
(0-0118 mgm. per litre) caused irritation of the eyes and 
throat, but was not intolerable. Exposure for the same 
period to a concentration of 1 in 400,000 (0-0157 mgm. 
per litre) produced a more marked lachrymatory effect. 
A concentration of 1 in 300,000 (0-0209 mgm. per litre) 
proved intolerable —(Cathcart.) 

With the eyes protected, a concentration of 1 in 
100,000 (0-0627 mgm. per litre) could be endured.— 
(Starling.) 

(Revised to 30/4/18.) 
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BrenzyL Bromipre. C,H;.CH,Br. 


General Properties—Mol. wt., 171. Weight of 1 litre of 
vapour = 7:64 grams. <A colourless liquid with a pungent 
smell. B. Pt., 198-199° C. Its density at 22° C. is 1-438. The 
vapour pressure is stated to be 1 mm. at 25° and 3 mm. at 50° C. 
The substance is insoluble in water, but dissolves freely in ether 
and alcohol, and also in vegetable or mineral oils. When dry 
it is without action on lead, but is unstable in the presence of 
cast iron or steel. 

Benzyl bromide is prepared by the bromination of toluene 
maintained at boiling point, or by the interaction of benzene, 
formaldehyde and hydrobromic acid in the presence of anhy- 
drous zine chloride. 


Physiological Properties—A lachrymator and_ respiratory 
irritant. : | 


Action on Man— 

Exposure to concentrations of 1 in 100 millions and 1 in 
50 millions had a marked, but not unbearable, lachry- 
matory effect. A concentration of 1 in 10,000,000 
(0:000764 mgm. per litre) affected the observers after 
one minute and proved intolerable after six-and-a-half 
minutes. A concentration of I1 in 5,000,000 was 
detected after 33 seconds and became unbearable after 
2 minutes. 

Concentrations of 1 in 2,000,000 (0:0038 mgm. per litre) 
and 1 in 1,000,000 produced lachrymation after 18 
seconds and 12 seconds respectively, and each became 
intolerable after one minute.—( Wolf.) 


Action on Cats— 
Exposure for thirty-five minutes to a concentration of 1 in 
430 (17-77 mgms. per litre) caused acute lachrymation, 
but had no lasting irritant effect.—(Cushny.) 


(Revised to 25/4/18.) 





XT. 1. 
BENZYL CHLORIDE. C©,H,.CH,CL. 


General Properties—Mol. wt., 126-5. Weight of 1 litre of 
vapour = 5-65 grams. A colourless liquid with a disagreeable 
‘ smell. B. Pt., 178°°C. At low temperatures it solidifies, the 
M. Pt. being —48° C. The density of the liquid at 15° C. is 
| ai ilo 2 | , 

Benzyl chloride is insoluble in water, but dissolves readily 
‘In alcohol and ether. It reacts slowly with boiling water, 
yielding benzyl alcohol. It is prepared by thé chlorination of 
boiling toluene, or by the interaction of benzene, formaldehyde 
and hydrogen chloride in the presence of anhydrous zinc 
chloride. 

Lead and copper are unacted upon by the liquid. 


Physiological Properties —Benzyl chloride acts as a lachry- 
mator, but is much less powerful in this respect than the corre- 
sponding bromide. 

(Revised to 25/4/18.) 
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Benzyt DisutpHipE. (C,H;.CH,),S,. 


General Properties —Mol. wt., 246. Weight of 1 litre of 
vapour = 10-98 grams. A solid, crystallising in leaflets which 
melt at 71—72° C.; slightly soluble in ether and in cold alcohol, 
more soluble in hot alcohol. 

The substance is prepared by the oxidation of benzyl mer- 
captan (C,H;.CH,.SH) or by the interaction of benzyl chloride 
and potassium hydrosulphide in alcoholic solution. 

Physvological  Properives—Benzyl disulphide is a weak 
respiratory irritant. 


Action on Rats— 
Exposure to the vapour in a concentration of 1 in 5,000 
(2-20 mgm. per litre) resulted in slight irritation, but 
had no harmful effects. 


Action on Man— 
A 5 per cent. solution in paraffin has no blistering or 
irritant action when applied to the skin.—(Hull.) 


(Revised to 30/4/18.) 
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XITt. 1. 
Benzyt lopipr. C,H,;.CH,I. 


General Properties——Mol. wt., 218. Weight of 1 litre of 
vapour = 9-73 grams. A colourless solid, which separates from 
alcoholic solutions in long, needle-shaped crystals melting at 
24° C.; it cannot be distilled, owing to decomposition. The 
density of the liquid at 25° C. is 1-733. Benzyl iodide is 
insoluble in water but soluble in alcohol, ether and benzene; 
it is without action on lead. | 

The substance is prepared by the interaction of benzyl 
chloride, in alcoholic solution, with sodium or potassium iodides. 


Physvological Properties —The substance is a lachrymator of 
the same type as benzyl bromide (q.v.), but rather more powerful 
in its effects.—(French Report.) 


(Revised to 30/4/18.) 
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BrenzyLt THtocyanate. (Sulphocyanide.) C,H,;.CH,.SCN. 


General Properties—Mol. wt., 149. Weight of 1 litre of 
vapour = 6-65 grams. A substance crystallising in prisms; 
M. Pos) 41°; B. Pt., 233-235° C. It is insoluble in water, but 
very soluble in alcohol and ether, and has a disagreeable smell 
resemblnig that of the isothiocyanates. 

Benzy! thiocyanate is prepared by the action of potassium 
thiocyanate on benzyl bromide. 


Physiolcgical Propertues—A lachrymator and feeble skin- 
irritant. 


Action on Man— 

Exposure to a concentration of 1 in 1,000,000 (0-00665 
mems. per litre) resulted in irritation of the skin of the 
face and neck. <A concentration of 1 in 500,000 produced 
slight irritation after three minutes, but on further 
exposure did not prove intolerable.—( Wolf.) 


Action on Horses— 
Contact of the substance with the skin caused no actual 
blistering action.—(French Report.) 


(Revised to 26/4/18.) 
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“Bromacerone. CH,.CO.CH,Br. 


General Properties.—Mol. wt., 137. Weight of 1 litre of 
vapour = 6-11 grams. The substance is a pale yellow liquid 
with a pungent odour. The boiling point at a pressure of 
8 mm. is 31:4° C.; the compound can be distilled, at atmo- 
spheric pressure only in small quantities (B. Pt., 136-5° at 
725 mm.). 

Pure bromacetone is unstable, and, a few hours after distilla- 
tion, decomposes to a thick dark liquid having the consistency 
of glycerine. The liquid is more stable when mixed with small 
quantities of chloracetone. 

The variation of the density of the liquid with rise of 
temperature is given below :— 


(veg OF iD, 

+/4° 

0° 1-810 
5 1-801 
10° 1-793 
le 1-784 
20° Lg is 
25° 17107 
30° 1-759 


and the coefficient of expansion for temperatures between 0° 
and 30° C. is, therefore, 0-00097.—(French Report.) 

The vapour pressure of the crude material is stated to be 
1-0 mm. at 10° C., 2-0 mm. at 18° C., and 9-0 mm. at 20° C. 

The substance is volatile in steam, and soluble in most organic 
solvents. 

Bromacetone is prepared by direct bromination of acetone 
in acetic acid solution. It is also obtained by the interaction 
of bromine, acetone, sulphuric acid, and sodium chlorate. 

Even with the addition of a suitable “‘ stabiliser,” the 
substance can only be safely stored in glass or lead vessels. 


Physiological Properties—Some difference is apparent in 
the respective actions of pure and crude bromacetone; the 
former has relatively slight lachrymatory powers, while the 
latter is a powerful lachrymator and has, in addition, strong 
poisonous properties.—(French Report.) 

In view of this fact, and of the difficulty of obtaining 
standardised preparations, too great reliance should not be 
placed upon the following data. 

Action on Man— 

Exposure to a concentration of 1 in 2,000,000 (0-00305 
mgm. per litre) caused lachrymation. 

Action on Dogs— 

Exposure for 15 minutes to concentrations of 1 in 6,000 
(17 02mom, per Intre) to | im 12,000 (0751. mgm. per 
litre) proved fatal within twenty-four hours.—(Prench 
Report.) 

(see over) 
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Action on Cats— 

A concentration of 1 in 10,000 (0-611 mgm. per litre) of 
the pure substance, obtained by spraying the liquid, 
had no irritant or lethal effect after an exposure for’ 
thirty minutes. 

A concentration of 1 in 2,800 (2-18 mgm. per litre) caused 
irritation of the eyes and throat after exposure for 15 
minutes, but there was almost complete recovery after 
five hours. 


Action on Rabbits— 
For a period of exposure of 30 minutes, the lethal concen- 
tration was found to be | in 3,000 (2:04 mgm. per litre). 


Action on Mice— 
Exposure for 30 minutes to a concentration of 1 in 5,000 
(1-22 mgm. per litre) proved fatal, and exposure for 
10 minutes to a concentration of 1 in 3,000 likewise 
resulted in death.—(BLarcroft.) 


(Revised to 15/4/18.) 
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BRoMBENZENE. (Monobrombenzene). C,H,Br. 


General Properties —Mol. wt., 157. Weight of 1 litre of 
vapour =7,7+009 ‘grams.’ ) A,colourless liquid, B. Pt:,° 157° C. 
M. Pt.—31-1° C. The density at 20° C. is 1-491. 

The substance may be prepared by the direct bromination 
of benzene, or by the customary methods involving the decompo- 
sition of the diazo-salts. 


Physiological Properties.— 


Action on Man— 
A concentration of 1 in 4,300 (1-63 mgms. per litre) 
had no irritant or other effect, after exposure for 15 
minutes.—(Cathcart.) 


(Revised to 30/4/18.) 
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BROMINATED METHYLETHYLKETONES. 


General Properties. —Ot the three possible isomeric mono- 
bromomethylethylketones, two are known. These have the 
formule and boiling points shown below :— 

(i) CH,Br.CO.CH,.CH,. B. Pt., 145-146°C. Density, 1-36. 
(i) CH,.CO.CHBr.CH,.. B. Pt., 133-134° C. 


Of the six structurally isomeric dibromo-derivatives of 
methylethylketone, only the yd-dibrom-@-ketobutane 


CH,.CO.CHBr.CH,Br (ii) 


appears to have been isolated; this is a dark reddish coloured 
liquid, boiling at 53° C. under a pressure of 0-2 mm. All three 
compounds, whose formule are given above, are unstable. 

Bromination of methylethylketone under ordinary conditions 
yields a mixture of variable composition. 

The contents of several German shells have been found to 
consist roughly of 65 per cent. of (i) and (ii) and 35 per cent. of 
(ii). The physiological properties described below. are those of 
such a mixture and, under these conditions, too great a quanti- 
tative significance should not be attached to them. The vapour 
pressure of this mixture at 14° C.is 16 mm. The figures given 
for the concentrations are based on the assumption that the 
vapour has the average molecular weight 177, and that one 
litre of it weighs 7:90 grams.—(Douglas.) ~ 


Physvological Properties —The mixture is lachrymatory, and, 
to a certain extent, a respiratory irritant and lethal agent. Its 
action on the respiratory organs is evidenced, during mouth 
breathing only, by an intense burning sensation in the mouth 
and throat, but by no feeling of chest irritation or constriction. 


Action on Man— 


In experiments designed to ascertain what concentration 
affects the eyes, it was found that 1 in 5,000,000 (0-0016 
mgm. per litre) could be detected by the slight lachry- 
matory effects produced. 

Concentrations of 1 in 1,000,000 (0-008 mgm. per litre) 
and | in 500,000 caused severe lachrymation to half 
the number of observers. 

In experiments designed to ascertain what concentration 
could be breathed without breaking down in about 
3 minutes, 13 subjects were exposed with the eyes 
protected, and the following results obtained :— 

in 125,000 (0-063 mgm. per litre), | broke down. 

in 100,000 (0-079 mgm. per litre), 6 broke down. 

in 80,000 (0-1 mgm. per litre), 3 broke down. 

in 70,000 (0-11 mgm. per litre), 2 broke down. 

. in 50,000 (0-16 mgm. per litre), | did not break down. 


(see over) 
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Action on Cats— é 

Exposure for 30 minutes to a concentration of | in 5,500 
(1-44 mgms. per litre) affected the eyes considerably and 
caused profuse salivation, but did not prove fatal. An 
animal struggled and had a profuse, blood-stained froth 
at the mouth when exposed to a concentration of 
| in 3,600 (2-20 mgms. per litre); this produced uncon- 
sciousness after 5 minutes’ exposure, and was fatal in 
14 minutes. 


Action on Rabbits— 
Exposure for 30 minutes to a concentration of 1 in 2,500 
(3-16 mgms. per litre) caused respiratory irritation, but 
did not result in death; oedema of the lung was 
produced. 


Action on Mice— 

A concentration of 1 in 100,000 caused lachrymation and 
dyspnoea after an exposure of 15 minutes ; a concentration 
of 1 in 2,500 was not fatal after exposure for the same 
length of time.—(Barcroft). 


(Revised to 30/4/18.) 
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BRoMINe. Brg. 


General Properties —Mol. wt., 160. Weight of 1 litre of 
vapour = 7-14 grams. At ordinary temperatures bromine is a 
heavy, reddish brown liquid. It solidifies to a brown crystalline 
mass of fine needles at —7-3°C., and boils at 68° C. At0O°C. the 
density of the liquid is 3-18. It dissolves in 35 times its weight 
of water at ordinary temperatures and is readily soluble in 
chloroform, alcohol, and ether. 

Bromine is obtained from metallic bromides by the action of 
chlorine or of sulphuric acid and an oxidising agent. 


Physvological Propertues—The substance is both a lachry- 
mator and an asphyxiant. ‘The vapour has a strong irritant 
action on the eyes and respiratory organs, causing severe lachry- 
mation and irritation of the mucous membrane; its general 
physiological effects are similar to those of chlorine (q.v.). 

It acts powerfully upon the upper respiratory passages, 
stripping off the mucous membrane so that “casts” of this 
membrane may block the bronchial tubes. 

Bromine forms a compound with hair, and its concentration 
thus diminishes when furry animals (e.g., guinea pigs) are placed 
in a small chamber containing the vapour. No quantitative 
data are available in regard to the toxicity of bromine. 


The liquid has an extremely corrosive action on the skin.— 
(Hill.) j 


(fevised to 30/4/18). 
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Bromopicrin. CBr,(NO,). ‘ 


General Properties —Mol. wt., 298. Weight of 1 litre of 
vapour = 13-30 grams. A heavy liquid which, on cooling, solidi- 
fies into prismatic crystals of melting point + 10° C. Under a 
pressure of 118 mm. the liquid boils at 127° C., and at 12-5° C. 
has a density of 2-811. 

Bromopicrin is prepared by the action of CaBr.OBr (“ brom- 
kalk ’’) on picric acid in aqueous solution. 


Physiological Properties—The substance resembles chloro- 
picrin in its lachrymatory and irritant action, but its toxicity 
is lower than that of the latter. 





(Revised to 30/4/18). 
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CacopyL. (CH,), : As.As : (CH,)s. 


General Properties—Mol. wt., 210. Weight of 1 litre of 
vapour = 9\37 grams. A heavy, clear, colourless, highly refract- 
ive liquid, boiling at 170° C., which is spontaneously inflammable, 
and which has a repulsive smell. At low temperatures it forms 
large crystals, melting at — 6° C. 

The density of the vapour, relative to air, is 7:25. The 
liquid is sparingly soluble in water. 

Cacodyl is most conveniently prepared by heating zinc with 
cacodyl chloride (q.v.). 


Physiological Properties. —The dilisaiies possesses toxic pro- 
perties, but these, in view of the nature of the compound, have 
naturally not been closely investigated. Exposure to the vapour 
is stated to result in severe lachrymation and respiratory irritation, 
followed by prolonged vomiting. 

Cacodyl compounds are stated to be, in general, less poisonous 
than arsine; inhalation is not followed by immediate pulmonary 
irritation. Animals which have been exposed to atmospheres 
containing from 2 to 4 mgms. per litre (approximately 1 in 3,000 
to 1 in 1,000) exhibit, after some time, symptoms of severe lung 
injury, including destruction of the bronchial epithelium, con- . 
gestion of the vessels in the pulmonary parenchyma, and intra- 
alveolar hemorrhage, with hemolysis of the free blood corpuscles. 
In some cases cedema and marked emphysema were noted.— 
(french Report). 


(Revised to 30/4/18.) 
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CacopyL Bromipr. (CH3),AsBr. 


General Properties—Mol. wt., 185. Weight of 1 litre of 
vapour = 8:26 grams. Cacodyl bromide is a yellow oil which 
resembles the corresponding chloride (q¢.v.) in preparation and 
general properties. 

Physiological Properties—The substance is a_ respiratory 
irritant and lethal agent. Concentrations of less than 2 mgm. 
per litre cause irritation in animals. 


Action on Rabbits— 
Exposure for 30 minutes to a concentration of | in 16,400 
(0-5 mgm. per litre) was not fatal. A concentration of 
1 in 8,200 (1 mgm. per litre) resulted in death five days 
after exposure, and a concentration of 1 in 4,000 (2-06 
mem. per litre) proved fatal after two days, the period 
of exposure in both cases being half-an-hour. 


Action on Guinea Pigs— 
Exposure for 30 minutes to concentrations of 1 in 8,200 
and 1 in 4,000 caused death, in the first case, after 20 
hours, and, in the second, after half-an-hour.—(French 


Report.) 
(Revised to 30/4/18.) 
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CAcOoDYL CHLORIDE. (CH,),AsCl. 


General Properties —Mol. wt., 140°5. Weight of 1 litre of 
vapour = 6-27 grams. Cacodyl chloride is a colourless, non- 
fuming liquid with a disagreeble, penetrating smell. It solidifies 
at —25° C., boils without decomposition in the neighbourhood 
of 100° C., and is heavier than, and insoluble in, water. 

The substance burns, when heated in air, with a pale yellow 
flame, and in the presence of chlorine inflames spontaneously. 

It is obtained by the action of hydrochloric acid on cacodyl 
‘oxide. 


Physvological Properties —Cacodyl chloride is an_ active 
irritant, but possesses no great toxic value. Deaths resulting 
from exposure to the substance are due to the injurious action 
on the respiratory organs. It produces oedema of the lungs, 
but acts more energetically upon the nose, trachea, and bronchi; 
its chief action, however, is, especially in non-fatal cases, on the 
air passages rather than on the lung itself. 

The substance also acts as an eye irritant, and in high con- 
centrations causes violent inflammation, with opacity of the 
cornea. It has no blistering action on the skin.—(C.C.P. 4294.) 


Action on Man— 

A concentration of 1 in 10,000,000 (0: 000627 mgm. per litre), 
which was obtained by dispersing the substance in 
alcoholic solution through a fine sprayer, was detected 
immediately by the smell, but produced only very slight 
irritation of the nose, after an exposure of three minutes. 
Exposure to a concentration of 1 in 1,000,000 resulted 
in considerable irritation of the nose and throat, in- 
creasing in severity and accompanied by a sensation of 
giddiness; the latter symptom increased for some little 
time after exposure. The maximum time for which 
this concentration could be endured was three minutes. 
—(A.G.D. Report.) 


Action on Goats— 
Exposure for 30 minutes to concentrations of 1 in 10,000 
and 1 in-5,000 (1-25 mgms. per litre) was fatal to one of 
the two subjects employed in each experiment. 


Action on Monkeys— 
A concentration of | in 5,000 had no lethal effect after 
exposure for 30 minutes. 


Action on Dogs-— . 
Exposure for 30 minutes to concentrations of | in 5,000 
and 1 in 10,000 resulted in death. 


Action on Cats— 
Concentrations of | in 10,000 and 1 in 5,000 were fatal in 
some cases after a period of exposure of 30 minutes, and 
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a concentration of 1 in 2,000 (3-13 mgms. per litre) was 
fatal in every case after 10 minutes’ exposure. 

One hour’s exposure to a concentration of | in 1,000 
caused progressively» increasing dyspnoea, and death 
resulted in 12 hours.—(C.C.P. 4294.) 


Action on Rabbits— 

Exposure for 30 minutes to a concentration of | in 3,000 
(2 mgms. per litre) was followed by death after two days. 
—(French Report.) ; 

Exposure for 10 minutes to a concentration of 1 in 
2,000 did not prove fatal. 


Action on Guinea-Pigs— 

Exposure for 10 minutes to a concentration of | in 2,000 
caused death, and exposure for 30 minutes to a con- 
centration of | in 3,000 was followed by death within 
half-an-hour.—(French Report.) 


Action on Rats— 
A concentration of 1 in 2,000 proved fatal in one of two 
cases, after exposure for 10 minutes.—(C.C.P. 4294.) 


(Revised to 20/4/18.) 
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CacoDYL CYANIDE. (CH,),AsCN. 


General Properties—Mol. wt., 131. Weight of 1 litre of 
vapour = 5-85 grams. The substance forms lustrous, colourless 
prisms of M. Pt. 33° C. and B. Pt. 140° C., and has a peculiarly 
nauseating smell; it readily sublimes at ordinary temperatures. 
It is shghtly soluble in water, dissolves readily in alcohol and — 
ether, and is volatile in steam. 

Cacody! cyanide is prepared by heating together mercuric 
cyanide and cacodyl chloride. 


Physiological Properties —The substance has both narcotic 
and irritant effects, the latter being the more important. Exposure 
to high concentrations may cause immediate prostration, un- 
consciousness and death from the direct effect upon the nervous 
system. In a number of experiments, animals which have 
escaped immediate death have ultimately succumbed from lung 
injury. Irritation of the eyes, nose, trachea and_ bronchial 
passages results from exposure to the vapour in lower concen- 
trations, and these irritant effects, when not fatal, appear to 
persist for a considerable time; symptoms of general depression 
and malaise are also noticeable. 

In low concentrations the substance is relatively ineffective. 


—(C.C.P. 3878.) 


Action on Man— : 

Unprotected observers can only tolerate for a few minutes 
the irritant effects of an atmosphere of 1 in 200,000 
(2-92 mgms. per litre). 

Action on Goats— 

Exposure for 2 hours to a concentration of 1 in 20,000 
(0-292 mgm. per litre) had no lethal effect. 

Exposure for 30 minutes to a concentration of 1 in 10,000, 
and for 5 minutes to a concentration of | in 2,500 
(2-34 mgms. per litre), proved fatal only to half the 
number of animals utilised in each experiment. 

Action on Dogs— 

A concentration of 1 in 10,000 was fatal to one of two dogs 
exposed for a period of 30 minutes, and concentrations 
of 1 in 5,000 (1-17 mgms. per litre) and 1 in 2,500 
resulted in death in every case, after exposures for 15 
minutes and 5 minutes respectively. 

Action on Cats— 

Exposure for 15 minutes to a concentration of | in 5,000 
had no lethal éffects, but exposure for 10 minutes to a 
concentration of 1 in 2,500 was fatal. 

Action on Rabbits— 

Concentrations of | in 5,000 and 1 in 10,000 were not toxic 

after exposures of 15 and 30 minutes respectively.— 


(C.C.P. Report.) 
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Exposure for 30 minutes to concentrations of 1 in 3,000 
(1-95 mgms. per litre), 1 in 6,000, and 1 in 12,000, also 
had no lethal effects —-(French Report.) 

A concentration of 1 in 2,500, however, was fatal in one 
case after 10 minutes’ exposure.—(C.C.P. 3878.) 





Action on Guinea Pigs— 

A concentration of 1 in 10,000 proved fatal after 30 minutes’ 
exposure, and the same result followed an exposure of 
10 minutes to a concentration of 1 in 2,500.—(C.C.P. 
3878.) 

Concentrations of 1 in 6,000 and 1 in 3,000 were fatal after 
20 hours and 2 days respectively, the period of exposure 
being 30 minutes in each case.—(Prench Report.) 


Action on Rats— 

A concentration of 1 in 50,000 was lethal after 3 hours’ 
exposure, and a coneentration of | in 10,000 was like- 
wise fatal after exposure for 30 minutes. 

Exposures for 15 and 10 minutes to respective concentra- 
tions of 1 in 5,000 and 1 in 2,500 resulted in death.— 
(C.C.P. 3878.) 


(Revised to 30/4/18.) 
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CaLcIuM ARSENIDE. Ca,Asy. 


General Properties—Mol. wt., 270. The pure substance is 
probably unknown; it is usually obtained in the form of a dark 
coloured, vitreous mass, containing approximately 50 per cent. 
of the arsenide. 

On exposure to moist air, the solid crumbles to a powder, 
arsine being evolved. The evolution of arsine is, naturally, 
greatly accelerated by the addition of water or dilute acid. 

The crude substance is prepared ‘by heating together arsenious 
oxide, lime and aluminium. ~ 


Physiological Propertves.—Since the substance, on exposure 
to moisture, yields arsine, proximity to it leads to the poisonous 
effects (qg.v.) of the latter gas. Administered internally, the 
substance is, as might be expected, definitely poisonous, giving 
rise to symptoms which are, in part, those of arsine poisoning, 
in part, those of arsenious acid. 

Experiments made by putting a caged animal in a box, the 
lid of which was open and the bottom of which was strewn with 
powdered calcium arsenide, left the animals unaffected. Animals 
similarly exposed, but in a closed box, died, however, after some 
hours, with the symptoms of arsine poisoning.—(Cushny.) 
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CaRBoN DisuLPHIDE. CS,,. 


General Properties—Mol. wt., 76. Weight of 1 litre of 
vapour = 3:39 grams. A colourless, highly refractive liquid, 
which, unless purified, has a disagreeable smell. B. Pt., 46-25° C. 
The density at 0° C. is 1-292 and at 20° C. is‘1-263. The liquid 
is readily inflammable, burning in air with a blue flame, and 
the vapour yields explosive mixtures with air. 

Carbon disulphide is almost insoluble in water, but is miscible 
with ether and benzene. It has no corrosive action on metals 
and is prepared by the direct union of its elements. 


Physiological Properties.—Inhalation of carbon disulphide 
very rarely proves fatal. Cases of poisoning result only from 
prolonged inhalation of the vapour in high concentration, and are 
characterised by headache, giddiness and excitement, followed 
by depression and anesthesia; the effects oe to be some- 
what individualistic in character. 


Action on Man— 
Exposure to a concentration of | in 500 (6-78 mgms. per 
litre) for half an hour had no effect. 


Action on Dogs— 
Exposure for 15 minutes to a concentration of 1 in 33 
(102-7 mgms. per litre) produced unconsciousness within 
5 minutes, but was not fatal. 
A concentration of 1 in 100 (33-9 mgms. per litre) caused 
temporary loss of consciousness after an exposure of 
25 to 30 minutes.—(Bainbridge.) 


Action on Cats— 
Exposure for 40 minutes to a concentration of 1 in 450 
had no effects.—(Cushny.) 


Action on Rabbits— 
Exposure for 20 minutes to a concentration of 4 in 1,000 
had no harmful effects —(Hdkins and Tweedy.) 
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CARBON MonoxiIpDE. CO. 


General Properties—Mol. wt., 28. Weight of 1 litre of 
gas = 1-25 grams. A colourless, odourless gas, the density of 
which, relative to air, is 0-967. Carbon monoxide is liquefied 
with difficulty, the critical temperature being —141° C. and 
the critical pressure 35 atmospheres. 

It is almost insoluble in water; it is inflammable, burning 
with a characteristic, non-luminous, blue flame. With air, it 
forms a highly explosive mixture. 

The gas may be prepared by the reduction of carbon dioxide 
or, conveniently, on a small scale, by the action of concentrated 
sulphuric acid on alkali formates, oxalates or cyanides. 

It is present in coal gas and forms the chief constituent of 
water gas. Various explosives yield carbon monoxide on. deto- 
nation, the amount produced being apparently greatest when the 
explosion occurs in a closed space. 


Physiological Properties —Poisoning by carbon monoxide is 
due to its union with the hemoglobin of the blood and conse- 
quent diminution of the oxygen supply to the tissues, and is 
characterised by the following symptoms, in order of sequence : 
giddiness on exertion, loss of muscular power, followed by 
complete loss of consciousness. When the poisonous action is 
rapid, convulsions may precede death. Recovery in pure air is 
fairly rapid if consciousness has only been lost for a short time, 
but it is slow and doubtful after prolonged unconsciousness. 
A comparatively long exposure is usually followed by headache, 
nausea, and frequently by peripheral neuritis. 

It is stated to be characteristic of carbon monoxide poisoning 
that, even while lethal doses are being inhaled, a man will 
continue, unconscious of his danger, to perform the work he was 
doing before the poisoning commenced. 


Action on Man— 

Exposure for 2 to 3 hours to a concentration of | in 3,300 
(0-38 mgms. per litre) produced symptoms of poisoning ; 
a concentration of | in 330 has a similar effect after a 
period of exposure of 30 minutes, and, in some cases, 
may prove fatal. 

Exposure for 30 minutes to a concentration of I in 165 
(7-6 mgm. per litre) caused the greatest distress on 
ascending a few stairs, and severe headache lasting 
24 hours ; the subject further suffered temporary blindness. 


Action on Animals— 

Carbon monoxide is toxic in a much shorter time to small 
animals owing to their rapid rate of metabolism; a 
concentration of 1 in 600 (2-08 mgms. per litre) proved 
fatal to these in some cases, while a concentration of 
1 in 250 (5-0 mgms. per litre) caused death after 
exposure for a moderate period. Thus mice and birds 
are used to detect poisonous concentrations of the gas. 


(see over) 
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Action on Dogs— 
A concentration of | in 735 (1-70 mgms. per litre) was fatal 
after exposure for 55 minutes—(U.S.A. Report). 


(Revised to 30/4/18.) 


XXVITIT. 1. 


CARBON OXYSULPHIDE. COS. 


General Properties —Mol. wt., 60. Weight of 1 litre of gas = 
2-68 grams. Carbon oxysulphide isa colourless gas with a slight 
odour similar to that of hydrogen sulphide, and a density, 
relative to air, of 2:08; it is inflammable, burning with a bluish 
flame. 

Water dissolves rather less than its own volume of the gas, 
but the aqueous solution is unstable, decomposing gradually with 
the formation of carbon dioxide and hydrogen sulphide. 

The substance may be prepared by the union of sulphur and 
carbon monoxide at high temperatures, or by the action of 
sulphuric acid on potassium or ammonium thiocyanates. 


Physvological Properties —The gas is a lethal agent, its toxicity 
being, however, only half as great as that of hydrogen sulphide. 
It is stated to have an action on the nervous system. 

Exposure to aconcentration of 1 in 350(7-66 mems. per litre) 
proved rapidly fatal to animals. 

Necrosed and pneumonic patches were found in the lungs of 
an animal which was removed from the gas directly it became 
paralysed; this animal recovered, temporarily, under artificial 


respiration, but died a fortnight later. In low concentrations 
the gas is not toxic. 
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CARBONYL BromipEe. (Carbon Oxybromide.) COBr,. 


General Properties.—Mol. wt., 188. Weight of 1 litre of 
vapour = 8-39grams. A colourless liquid with a pungent smell, 
boiling at 64-5° C. On exposure to light or on being heated, 
it rapidly becomes brown owing to the liberation of free bromine ; 
it reacts only slowly with cold water. The density of the liquid 
at 15° C. is 2-45. 

Carbonyl bromide is prepared by the interaction of concen- 
trated sulphuric acid and carbon tetrabromide at 150—160° C. 


Physvological Properties —The substance is an irritant and 
lethal -agent, but is much less powerful in action than the 
corresponding chloride.—-(french Report.) 
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CHLORACETOCATECHOL. (OH),.C,H;.CO.CH,CI. 


General Properties —Mol. wt., 186:°5. Weight-of 1 litre of 
vapour = 8-326 grams. M. Pt., 173° C. 

The substance is prepared by the action of chloracetyl chloride 
on catechol; it dissolves readily in acetone. 


Physwological Propertves.—Chloracetocatechol in the solid form 
acts as a sternutator and a respiratory irritant. <A solution of 
the substance in acetone, when sprayed, had a similar action, but 
was less effective. Irritation of the eyes, nose and throat, and 
coughing were produced, and death resulted, in the case of one 
animal, from the pneumonic condition of the lungs. 


Action on Cats— * 

A concentration of 1 in 1,665 (5-00 mgms. per litre) was 
not fatal after 20 minutes’ exposure. On removal from 
this atmosphere the animals showed signs of profuse 
salivation and eye irritation. 

A concentration of 1 in 2,775 (3:00 mgms. per litre) caused 
pneumonia, and death ensued after 3 days; the time of 
exposure was 20 minutes.—(Hzvll.) 


(Revised to 30/4/18.) 
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CHLORAL CYANHYDRIN. (Trichlorlactic nitrile. Trichlorhy- 
droxypropionic nitrile.) CCl,.CHOH.CN. 


General Properties —Mol. wt., 174-5. Weight of 1 litre of 
vapour = 7-79 grams. A white crystalline solid of M. Pt. 61° C., 
which boils, with some decomposition, at 215-230° C. It is 
soluble in water and in most organic solvents. The substance 
is prepared by the action of potassium eyeide and hydrochloric 
acid on chloral. 


Physiological Properties.—Chloral cyanhydrin is a paralysant, 
similar in action to hydrocyanic acid. Exposure to high con- 
centrations of the substance produces convulsions and subsequent 
paralysis. If death does not occur during exposure, survival is 
almost certain, even after corneal and light reflexes are gone. 
Post-mortem examination has given no evidence of lung cedema 
or inflammation of the respiratory tract; change in the hemo- 
globin was, however, observed, the colour tending to become 
bright red. ; 


Action on Man— 


The following concentrations produced no unpleasant effects 
and in no case was any characteristic, disagreeable odour 
detected :— 


1 in 5,000,000 (0-00156 mgm. per litre) by spraying 
carbon tetrachloride solution. 


1 in 500,000 by spraying carbon tetrachloride solution, 
vaporising by heating without solvent, and detonating 
in chloroform solution. 


1 in 100,000 (0-0779 mgm. per litre) by spraying carbon 
tetrachloride solution, vaporising by heating without 
solvent, and detonating in chloroform solution. 


1 in 30,000 (0:26 mgm. per litre) by spraying carbon 
tetrachloride solution, vaporising by heating without 
solvent, and detonating in chloroform solution.— 


(A.G.D. Report.) 


A summary of the tests upon different animals is given below, 
the period of exposure in each case being 20 minutes. 
(see over) 


XO, 


The concentrations mentioned were obtained by spraying 
alcoholic solutions of the substance. 








ae Cats. Guinea Pigs. Rats. 
ration. 
| 
lin’ 7790 Not fatal Not fatal. Not fatal. 
(1 mgm. 
per litre). 
1 in 5200 Not fatal Fatal to 2 of | Fatal to 1 of 
(1°50 mgms. |} Collapse shown in one case, 3 animals. 3 animals. 
per litre). but on removing animal 
corneal reflex found to 
be present. 
1 in 3895 Fatal Not fatal. Fatal to 1 of 
: (2mgms. | One cat survived, but was 3 animals, 
o£ per: ltre). completely paralysed. 


Hye reflexes absent. 





A concentration of 1 in 5,200 (by spraying acetone solution) 
was found to be fatal to cats and mice after exposure for two 
periods of 10 minutes. 

‘The difficulty of maintaining the initial concentration of the 
substance for any length of time is the cause of slight discrep- 
ancies in the above results.—(Hull.) 


(Revised to 15/5/18.) 
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CHLORINE. Cl,. 


General Properties—Mol. wt., 71. Weight of 1 litre of gas 
= 3-17grams. The density, relative to air, is 2°45 at 0°C. A 
heavy, greenish-yellow gas having an unpleasant, suffocating 
smell. The gas can readily be liquefied by the application of 
pressure at ordinary temperatures. The liquid boils at — 33-6° C. 
and at this temperature has a density of 1-557. 

A table showing the relationship between the density and 
vapour pressure of liquid chlorine and temperature is given 
below:—(Knietsch.) 








aurea a? Pressure. Density. 
— 88 a. Oe Ore: rhs — 
85 ig 45:0 oa — 
SO Bee 62°5 1-6602 
75 Be 88 1-6490 
70 nae 118 1-6382 
65 a 159 1-6273 
60 or 210 1-6167 
So a vag) 1-6055 
50 ate 350 1-5945 
4.5 ae 445 1-5830 
40 ie 560 1-5720 
ao Ge 705 1-5589 
go oO et 760 Pe5aTS 
30° 1-20 atm 1-5485 
25 1-50 1-5358 
20 1-84 1-5230 
“15 O23 1-5100 
10 2-63 +s 1-4965 
5 3°14 1- 4830 
0 3°16 1- 4690 
an 4-25 1-4548 
10 4-95 1-4405 
15 a7 14273 
20 6-62 1-4118 
25° 7°63 1-3984 
30 8°75 1-3815 
39 9-95 1-3683 
40 11-50 1-3510 
5O 14-70 1-3170 
60 18-60 1- 2830 
70 23-00 1-2430 
80 28-40 1- 2000 
90 34-50 — 
100 41-70 — 
110 50: 80 — 
120 60-40 — 
130 71-60 es 
146 83-50 Critical point. 


(see over) 
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Gaseous chlorine is soluble in water; one volume of water 
dissolves 2:5 volumes of the gas at 10° and two volumes at 20° C. 
The gas attacks most metals with vigour. 

Chlorine is prepared by the electrolysis of brine or by the 
action of oxidising agents upon hydrochloric acid. 

Liquid chlorine has no action upon steel. 


Physiological Properties—The gas has a powerful irritant 
action on the respiratory organs and all mucous membranes 
exposed to it, causing spasm of the glottis, a burning sensation 
in the eyes, nose and throat, followed by bronchitis and cedema 
of the lungs. Frequently there is evidence of corrosion of the 
mucous membranes of the air channels and of the cornea. 
Prolonged inhalation or exposure to high concentrations of the 
gas will cause death by asphyxia or, if not fatal, produces cardiac 
dilatation and cyanosis, as a result of the injury to the lungs. 


Action on Man— 

Exposure for one hour or more to a concentration of 1 in 
100,000 (0-0317 mgm. per litre) may cause subsequent 
bronchitis; a concentration of 1 in 10,000 cannot be 
endured for more than two or three seconds.—(AHill, 
Flack and Moore.) 


Action on Dogs— 

Exposure for half-an-hour to a concentration of 1 in 1,000 
resulted in death; exposure for the same time to con- 
centrations from | in 1,100 (2-88 mgms. per litre) to 1 in 
1,200 (2-64 mgms. per litre) proved fatal to 85 per cent. 
of the animals utilised. Lower concentrations may also 
cause death, but the effect varies considerably with 
different animals.—(U.S.A. Report.) 


Action on Cats— 

Exposure for 30 minutes to concentrations of 1 in 2,500 
to lin 3,000 (1:27-1:06 mgms. per litre) was followed 
by death within one hour. A concentration of 1 in 
4,000 (0:79 mgm. per litre) was fatal 24 hours after an 
exposure of 30 minutes, but a concentration of 1 in 5,000 
(0-63 mgm. per litre) may be inhaled for 20 minutes 
without producing lethal effects.—(Cushny.) 


Action on Rabbits— 
Exposure for 30 minutes to a concentration of 1 in 3,000 
generally causes death within 24 hours.—(Cushny.) 


Graphs showing the relationships between concentrations 
expressed (1) in parts by volume, (2) in ces. of fluid, and (3) in 
grams of gas per cubic metre, will be found in the Appendix. 


(Revised to 30/4/18.) 
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CHLORO-m-XYLYLENE BromiIpE. Cl.C,H,.(CH,Br),. 


General Properties —Mol. wt., 298-5. Weight of 1 litre of 
vapour = 13-326 grams. 


Physiological Properties —A lachrymator. 


Action on Man— 
A concentration of I in 10,000,000 (0-00133 mgm. per 
litre) was perceptible, but caused no serious discomfort ; 
1 in 1,000,000 caused severe lachrymation and pain, which 
first diminished considerably, then returned after the 
subject had left the atmosphere, and persisted for 1 to 
2 hours.—(Cushny.) 


(Revised to 30/4/18.) 
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XIV, 1. 
CHLOROETHYL CHLORoFoRMATE. Cl.COOC,H,CI. 


General Properties —Mol. wt., 143. Weight of 1 litre of 
vapour —* 6:38 grams. Two isomeric forms of the substance 
are known, both of them being colourless liquids. 


(1) a-ester. ClCOOCHCI.CH,: B. Pt., 118° C, 
(2) B-ester. Cl.COOCH,.CH,Cl. B. Pt., 150°-160° C. 


They are prepared by the action of carbonyl chloride on ethyl 
alcohol, with subsequent chlorination of the resulting product. 


Physiological Properties.—It is uncertain whether the following 
observations refer to the effects of one of the isomers or to a 
mixture of both. Chloroethyl chloroformate is a weak lachry- 


mator and respiratory irritant; it is less poisonous than the 
corresponding methyl-compound. 


Action on Man—- 
Exposure to a concentration of 1 in 130,000 (0-049 mgm. 
per litre) caused lachrymation within 10 to 15 seconds, 
but the irritation was insufficient to incapacitate. 


Action on Cats— 
A concentration of 1 in 2,000 (3-19 mgms. per litre) pro- 


duced irritation of the eyes and salivation, after exposure 


for 20 minutes; no further irritant effects were observed. 
—(Cushny.) 


(Revised to 30/4/18.) 
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CHLOROMETHYL CHLOROFORMATE. Cl.COOCH,.CL. 


General Properties —Mol. wt., 129. Weight of 1 litre of 
vapour = 5-76 grams. The substance is a clear yellow volatile 
liquid, with an unpleasant suffocating odour, boiling at 105° C. 
and fuming in contact with air. The density of the vapour is 
4-46, relative to air. A table showing the variation of the 
density of the liquid with rise in temperature, is given below :— 


T.° 0. D+, 
0 1-547 
5 1-539 
10 1-531 
15 12525 
20 1-516 
25 1-508 


The coefficient of expansion between 0° and 25° C. is, therefore, 
0:00103.—(French Report.) 


The vapour pressure is stated to be :— 


3-6 mm. at 10° C. 
455 mms at 15" C. 
5:6 mm. ‘at 20° C. 


The liquid is hydrolysed by water, giving formaldehyde, hydro- 
chloric acid, and carbon dioxide. Rapid decomposition occurs 
in contact with alkalis. 

Chloromethyl chloroformate is prepared by the interaction 
of methyl alcohol and formic acid, and regulated chlorination 
of the resultant methyl formate. It is obtained, also, by the 
action of methyl alcohol on phosgene at low temperature and 
subsequent chlorination. The substance may be safely stored 
in lead vessels, although there is initially a slight superficial 
action on the metal. Other metals are slowly attacked by the 
liquid. 


Physiological Properties —A lachrymator and_ respiratory 
irritant, similar to phosgene in its effects. The toxicity, although 
considerable, is much lower than that of phosgene. Inhalation 
of the fumes in high concentrations (from 2—4 mgms. per litre) 
is, in some cases, followed by immediate injury to the lung, 
but, in general, the effects become evident only after an 
appreciable length of time. 

Dyspnoea, cedema of the lung, congestion of the bronchioles, 
and serious injury of the pulmonary tissues are produced, and 
may eventually result in death. The lachrymatory power of 
the substance is not marked, and is considerably increased by 
the presence of the dichloro-compound.—(French Report.) 


(see over) 
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Action on Man— 

A concentration of 1 in 200,000 (0:0288 mgm. per litre) 
became irrespirable in some cases after 3-10 minutes, 
owing to irritation and coughing. 

A concentration of 1 in 100,000 (0-0576 mgm. per litre) 
produced slight lachrymation and extreme irritation. 


Action on Dogs— 
Exposure for 30 minutes to a concentration of 1 in 5,760 
(1 mem. per litre) proved fatal in 24 hours, and exposure 
for the same time to a concentration of 1 in 2,880 
(2 mgms. per litre) was followed by death within 8 to 14 
hours.—(French Report.) 


Action on Cats— 

Exposure for 1 hour to a concentration of 1 in 1,000 
(5-76 mgems. per litre) caused dyspnoea and. slow, 
prolonged inspiration, and was fatal; a concentration 
of 1 in 5,000 also resulted in death from lung injury 
after a similar exposure, the animal having exhibited 
severe dyspnoea and convulsive movements 23 hours 
after release. 

Concentrations of 1 in 20,000 and 1 in 100,000 produced 
coughing, salivation, and lachrymation, but were not 
fatal. 


Action on Rabbits— 

A concentration of 1 in 2,880 (2 mgms. per litre) caused 
death within 5 hours, and a concentration of | in 5,760 
was followed by death after 7-8 days, the time of 
exposure in each case being 30 minutes. 


Action on Guinea Pigs— 
Exposure for 30 minutes to a concentration of 1 in 5,760 
was fatal after 8 hours, and a similar exposure to a 
concentration of 1 in 2,880 was likewise fatal after the 


same time.—(French Report.) 


Action on Rats— 
Concentrations of 1 in 1,000 and 1 in 2,000 were fatal in 


2 hours and 12 hours respectively, after 1 hour’s exposure. 


(Revised to 30/4/18.) 
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CHLORONITROBENZYL BromipE. C©,H,Cl.(NO,).CH,Br. 


‘General Properties —Mol. wt., 251-5. Weight of 1 litre of 
vapour = 11-23 grams. The material used in the physiological 
tests noted below was a brown paste consisting, probably, of 
an impure mixture of 3-4- and 3-6-chloronitrobenzyl bromides ; 
it contained, roughly, 30 per cent. solid and 70 per cent. liquid. 
The solid melted at 233° and was insoluble in water, but soluble 
in aleohol. The liquid could not be distilled under atmospheric 
pressure owing to decomposition; ite density was 1-43. 

The mixture was prepared from chlortoluene (c.f. chloro- 
nitrobenzyl! chloride) by bromination at 140° C. and subsequent 
nitration. 


Physiological Properties—The substance produces feeble 
lachrymatory and irritant effects. It is less active than dichlor- 
benzyl bromide. 


Action on Man— 

Concentrations of the solid equal to 1 in 5,000,000 (0: 0022 
mgm. per litre) and 1 in 2,000,000 (0-0056 mgm. per 
litre) could be detected by eye irritation after 78 seconds 
and 43 seconds respectively; a concentration of 1 in 
1,000,000 (0-0112 mgm. per litre) was detected in 26 
seconds and resulted in breakdown of most of the 
observers after 2 minutes. 

Similar effects were obtained in experiments using the 
mother liquor from the preparation of the substance, in 
alcoholic solution, concentrations of 1 in 5,000,000 and 
1 in 2,000,000 being detected after 72 and 36 seconds 
respectively, and a concentration of 1 in 1,000,000 
becoming noticeable after 34 seconds, and incapacitating 
after 1 minute 54 seconds.—( Wolf.) 


(Revised to 30/4/18.) 
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CHLORONITROBENZYL CHLORIDE. O©O,H,Cl.(NO,).CH,Cl. 


General Properties —Mol. wt., 207. Weight of 1 litre of 
vapour = 9-24 grams. 

The material used in the tests below was an impure liquid 
mixture, probably consisting mainly of 3-4- and 3-6-chloro- 
nitrobenzyl chlorides. It was prepared by first chlorinating cold 
toluene in the presence of the Al-Hg couple and chlorinating at 
140-150° C. the mixture of o— and p-chlortoluenes so produced. 
The last product, a mixture of o— and p-chlorobenzyl chlorides, 
was finally nitrated in the usual manner. The liquid product 
was .separated from the accompanying solid (10 %). It had a 
sp. gr. 1-45 and was miscible with alcohol, ether, petrol, and 
benzene. 


Physiological Properties —The substance is a weak lachry- 
mator and irritant, which is less active in these respects than 
dichlorbenzyl bromide. 


a 


Action on Man— 

Concentrations of 1 in 1,000,000 (0:00924 mgm. per litre) 
and 1 in 500,000 caused lachrymation in several observers 
after 1-2 minutes, but were sufficient to incapacitate from 
this cause in only a few cases; in these experiments the 
concentrations were obtained by spraying alcoholic solu- 
tions. The crude product appears to be more active 
than the pure material—( Wolf.) 


(Revised to 30/4/18.) 
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CuLoropicrin. (Nitrochloroform. Trichlornitromethance.) 


CCI,NOg. 
General Properties—Mol. wt., 164-5. Weight of 1 litre of 
vapour = 7:34 grams. A colourless, mobile liquid, with a 


penetrating smell. B. Pt.,112°C. At low temperatures it forms 
a crystalline solid melting at—64° C. (corr.—69-2° C.). The 
density at various temperatures is as follows :— 





BC, D. t/4 
9) ae 1-684 
15 Waa 1-666 
20 are 1-654 
25 ie 1-648 


the coefficient of expansion between 5° and 25° C. being 0-00109. 
—(French Report.) 

The expansion on heating from—20° to + 60° C. has been 
found to be 8-8 per cent.; the coefficient of expansion for this 
range is thus 0-0011, a value agreeing closely with that deter- 
mined for the range 5° to 25° C. The variation of the vapour 
pressure with rise in temperature is given below :— 





Vap. press. 

xs aCe mmm. 

0 Se) 

10 Toes 

15 Re 14-1 

20 At 18-9 

30 30°5 

50 80-7 

70 Be 181:0 (A.G.D. Report.) 


The substance is insoluble in water, but dissolves in alcohol 
and is volatile in steam. 

Chloropicrin is most conveniently prepared by the action of 
bleaching powder on aqueous solutions of picric acid, or by the 
action of chlorine on picric acid in alkaline solution. When 
dry it is without action on zinc, copper, iron, steel, tin, lead 
and brass. 

Physiological Properties —A lachrymator, respiratory irritant 
and lethal agent. Inhalation produces irritation of the nose 
and throat, coughing and dyspnoea, accompanied by nausea and 
vomiting. Very high concentrations of the gas will cause 
immediate death from asphyxia but, in general, the fatal effects 
produced are due to severe lung injuries, and these may result 
equally from exposure for a short period to moderately high 
concentrations, or for a considerable time to extremely low 
concentrations.—(barcroft.) 

No limiting concentration has been found so far, beyond 
which the substance is harmless.—(C.C.P. 2362.) 


(see over) 
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The aggressive action of chloropicrin is thus cumulative, and 
in cases of poisoning which have not proved fatal, the following 
symptoms are usually observed: anszemia and general muscular 
weakness, bronchitis, asthma, oedema of the lung and emphysema. 
In some cases the entire nervous system may be affected. 
Repeated exposure to the gas produces increased susceptibility. 

' In the experiments carried out on goats definite lesion of 
the kidneys was observed in animals which had succumbed to 
the effects of the gas, and to this considerable importance is 
attached, as the feeling of general unfitness which remains long 
after exposure might thereby be explained.—(Barcrojt.) There 
was no evidence of similar injury in goats which survived 
exposure. 

Action on Man— 

A concentration of | in 500,000 (0-0147 mgm. per litre) 
produced lachrymation, and a concentration of 1 in 
200,000 (0:0367 mgm. per litre) was sufficiently powerful 
to incapacitate vision after 5-10 minutes. 

With the eyes protected, a concentration of 1 in 
100,000 (0:0734 mgm. per litre) could be endured only 
by half the number of observers.—(Makin and others.) 

Action on Animals— 


A table is given below showing the times of exposure in 
minutes necessary to produce ultimate death for various 





























animals :— 
Concentration. | Monkeys. | Goats. ect Cats. | Rabbits.; Guinea Pigs. | Rats. 
: os Bs eles 
1 in 1,000, 3 3 4 | €4 6 3 3 
1 in 2,000 5 5 pet 5 a 3 5 
1 in 5,000 15 10 15 | 10 45 4 10 
1 in 10,000 ae 20 30 | 20 — 8 20 
1 in 20,000 — — — | 380 — 30 45 
1 in 50,000 — snes this ce i= — — 








(C.GP.. 3010.) 
Action on Goats— 
A concentration of | in 100,000 was fatal after exposure 
for approximately two hours.—(C.C.P. 2362.) 


Action on Mice— 
Exposure for 10 minutes to a concentration of 1 in 3,400 
(2-16 mem. per litre) when not immediately fatal, caused 
death within three hours. 


In the Appendix will be found graphs showing the relationship 
between the three forms in which concentrations of chloropicrin 
vapour may be expressed, and also the relationship between 
concentration and time of exposure required to produce casualties. 


(hevised to 30/4/18.) 
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CHROMYL CHLORIDE. (Chromium Oxychloride.) CrO,Cl. 


General Properties—Mol. wt., 155. Weight of 1 litre of 
vapour = 6:92 grams. A mobile, blood-red liquid resembling 
bromine in appearance, which fumes strongly in air and _ boils 
at 116-118° C. The density at 25° C. is 1:91. The substance 
decomposes readily in moist air and in water, with the formation 
of chromic and hydrochloric acids, thus exhibiting the normal 
behaviour of an acid chloride. The liquid is without action on 
cast iron and steel. 


Chromyl chloride is prepared by heating together sulphuric 
acid, a chloride and a dichromate. 


Physiological Properties —The vapour acts as a respiratory 
irritant, causing severe coughing, but has no powerful lachrymat- 
ory effect and is not highly toxic. 


Action on Man— 
A concentration of 1 in 1,000 (6-92 mgms. per litre) was 
irrespirable and a concentration of | in 10,000 could 
probably be breathed for only a few minutes. 


Action on Rats— 
Exposure to a concentration of 1 in 1,000 caused death in 
45 minutes. A concentration of 1 in 10,000 had no 
lethal effect after exposure for 1 hour.—(Golla.) 


(Revised to 30/4/18.) 
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Crotonic ALDEHYDE. (Methyl Acroléin.) CH,.CH:CH.CHO. 


General Properties—Mol. wt., 70. Weight of 1 litre of 
vapour = 3-125 grams. A liquid, boiling at 104-105° C., with 
an extremely penetrating odour. The density at 0° C. is 1-033. 
The substance is soluble in water, and oxidises readily in air to 
crotonic acid. 

Under suitable conditions, aldehyde forms the bimolecular 
condensation product aldol, CH;.CHOH.CH,.CHO; the latter, 
on heating with aqueous solutions of hydrogen chloride, zinc 
chloride or sodium acetate, is converted, by loss of water, into 
crotonic aldehyde. | 

Physwological Properties—The substance possesses feeble 
lachrymatory powers. 


Action on Man— 
A concentration of 1 in 500,000 (0:00625 mgm. per litre) 
was detected by only 2 of 8 observers after 2 minutes 
52 seconds; a concentration of 1 in 250,000 (0-0125 
mem. per litre) was detected by all the observers after 
77 seconds, but the lachrymatory effect was not sufficient 
to cause breakdown.—( Wolf.) 


(Revised to 30/4/18.) 
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CYANHYDRINS. 


Physiological tests have been made with the following 
cyanhydrins (nitriles of hydroxy-acids); in no case did the 
toxicity approach that of hydrocyanic acid.—(F'rench Report) :— 

Formaldehyde cyanhydrin (glycollic nitrile) 


H.CHOH.CN. 
eee as eyanhydrin (lactic nitrile) 
CH,.CHOH.CN. 
Acetone cyanhydrin (a-hydroxy-isobutyric nitrile) 
(CH,)..C(OH)CN. 
Chloracetone cyanhydrin (f-chlor-a-hydroxy-isobutyric 
nitrile) 
CH, woe A ee 
CH,“ CN 


Acroléin cyanhydrin (vinylglycollic nitrile) 
CH, : CH.CHOH.CN. 


Chloral cyanhydrin has also been tested (vide supra). 


The substances are all prepared by the direct union of the 
aldehyde or ReLoue with hydrocyanic acid, under suitable 


conditions. 


General Properties.— 

Formaldehyde cyanhydrin: B. Pt., 103° C. at 16 mm., 
M. Pt.,-—72° C. Density at 12° C., 1-1. 

Acetaldehyde cyanhydrin: B. Pt., 102° C. at 30 mm. 

Acetone cyanhydrin: M. Pt., -19° C., B.. Pt., 82° C. at 
23 mm. 

Chloracetone cyanhydrin: B. Pt., 110° C. at 22 mm. 

Acroléin cyanhydrin: B. Pt., 94° C. at 17 mm. 


(Revised to 30/4/18.) 
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CYANOBENZYL CHLoRIDE. CN.C,H,.CH,Cl. 


General Properties —Mol. wt., 151-5. Weight of 1 litre of 
vapour = 6-763 grams. 
o-cyanobenzyl Mar Pt. 60 3Oieo Ca) BoP 202-0. 
chloride. is readily soluble in ether, benzene, 
petroleum, acetic acid and hot alcohol. 
It dissolves to some extent in hot 
water, and is volatile in steam. 

The substance is prepared from o-tolui- 
dine by diazotisation and subsequent 
treatment with cuprous cyanide. The 
resulting o-tolyl cyanide is then chlori 
nated at a temperature of 150° C. 

m-cyanobenzyl 


chloride. 
p-cyanobenzyl M. Pt., 79°; B. Pt., 263° C., dissolves 
chloride. readily in most organic solvents, but 
is only sparingly soluble in petroleum 
and water. 


It is prepared from p-toluidine by pro- 
cesses similar to those used for the 
production of the o-isomer (vide supra). 


Physwological Properties—AIll three isomerides have an 
intensely painful effect upon the eyes. This is followed by 
lachrymation, after which relief ensues. Comparatively low 
concentrations incapacitate owing to the pain, but even high 
concentrations seldom cause the death of animals. Slight 
irritation, which lasts for some time, results from contact of the 
substances with the skin, but no erythema or blistering is 
produced. 


Action on Cats— 
A concentration of 1 in 1,350 (5 mgms. per litre) was not 
fatal after exposure for 2 periods of 10 minutes. Intense 
salivation and eye irritation were produced.—(Hwll.) 


(Revised to 30/4/18.) 
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p-CYANOBENZYL SULPHOCYANIDE. (Cyanobenzyl thiocyanate.) 
CN.C,H,.CH,SCN. 


General Properties—Mol. wt., 174. Weight of 1 litre of 
vapour = 7:77 grams. A solid, melting at 85-86° C.; it 
decomposes when heated much above its melting point at 
ordinary pressures. It is readily soluble in benzene, chloroform, 
and hot alcohol; soluble to some extent in carbon tetrachloride 
and cold alcohol, and sparingly soluble in ether or water. 

The substance is prepared from p-cyanobenzyl chloride 
(qg.v.) by treatment with potassium thiocyanate in alcoholic 
solution. 

Physiological Properties—p-cyanobenzyl sulphocyanide: acts 
as a paralysant and, when its effects are fatal, the symptoms of 
poisoning and manner of death closely resemble those produced 
by hydrocyanic acid. Convulsions and paralysis precede death, 
and postmortem examination shows the characteristic change 
of the hemoglobin to a bright red colour. No cedema of the 
lungs or inflammation of the respiratory organs was observed 
and, if death did not occur during exposure, ultimate and complete 
recovery was almost certain. 

In toxicity and symptoms of poisoning the compound also 
resembles ethylene thiocyanate. 


Action on Cats— 

Exposure for 20 minutes to a concentration of 1 in 2,220 
(3-5 mgms. per litre) caused unconsciousness. The 
animal survived, although corneal and light reflexes were 
absent, on removal from the atmosphere. 

A concentration of 1 in 1,554 (5 mgms. per litre) was fatal 
within 20 minutes. 

The lethal dose for this exposure is, therefore, approxi- 
mately 1 in 1,942 (4 mgms. per litre). 


Action on Rats— 
Exposure for 20 minutes to a concentration of 1 in 1,554 
(5 mgms. per litre) was not fatal.—(Hill.) 


(Revised to 30/4/18.) 
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CYANOGEN. (CN)p. 


General Properties —Mol. wt., 52. Weight of 1 litre of gas — 
2-32 grams. A colourless gas with a characteristic, penetrating 
smell. The density, relative to air, is 1°804. At ordinary 
temperature a pressure of approximately four atmospheres is 
sufficient to liquefy the gas. 

Liquid cyanogen is comparatively stable; it boils at—20-7° 
and at lower temperatures forms a crystalline solid melting at 
—34-4°C. The density of the liquid is 0-866 at 17° C., and the 
vapour pressure at this temperature is 4 atmospheres ; the liquid 
is without action on steel. 

Cyanogen is soluble in water—at 20° C. one volume of water 
dissolves 4-5 volumes of the gas—but the aqueous solution 
gradually undergoes change on standing. The gas is stiJl more 
soluble in alcohol and in ether. 

The compound is endothermic, the molecular heat of forma- 
tion being approximately — 70 Calories; it is, nevertheless, 
tolerably stable in both the liquid and gaseous states. When 
heated under atmospheric pressure for a considerable time the 
gas polymerises to give paracyanogen (CN),. It is inflammable, 
burns with a reddish flame, and forms an explosive mixture with 
air or oxygen. 

Cyanogen is prepared by heating mercuric cyanide but, more 
conveniently, from the interaction of potassium cyanide and 
copper sulphate in aqueous solution. 


Physiological Properties —The gas acts as a paralysant, and 
to some extent as a lachrymator. The symptoms to which it 
gives rise are similar to those produced by hydrocyanic acid. 
(q-0.). 

Action on Man— 

Exposure for 3 minutes to a concentration of 1 in 10, 000 
(0-232 mgm. per litre) caused definite, but not serious, 
eye irritation and lachrymation in unprotected observers. 
A burning sensation was felt at the back of the throat 
and nostrils, and in one case a desire to cough. 


Action on Cats— 
Exposure for 30 minutes to the following concentrations 
seldom proved fatal :— 

1 in 7,000 (0-33 mgm. per litre), considerable lachry- 
mation, local irritation and salivation produced. 

1 in 6,000 (0-387 mgm. per litre) may be fatal. 

1 in 5,000 (0-464 mgm. per litre) may be fatal. 
After 12 minutes’ exposure to this concentration a cat 
was paralysed, and 26 minutes later was apparently 
dead. The animal recovered, on removal, in about 
24 hours. 

1 in 4,000 (0-58 mgm. per litre) to lin 2 ,500 (0-928 
mem. per litre) usually resulted in death. 

(see over) 
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Action on Mice— 
Exposure for 36 minutes to a concentration of 1 in 5,000 
was not fatal: similar exposure to 1 in 4,000 resulted 
in death.—(Cushny.) 


(Revised to 30/4/18.) 
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CYANOGEN BRomIDE. (CNBr. 


General Properties—-Mol. wt., 106. Weight of 1 litre of 
vapour = 4:73 grams. A volatile, crystalline solid, melting at 
52° C., and boiling at 61-3° C. It dissolves readily in alcohol 
and ether, and is prepared from the interaction of potassium 
cyanide in aqueous solution and bromine at low temperature. 
In the presence of bromine or hydrobromic acid, the substance 
polymerises to form cyanuric bromide, C,N,Bry. 


Physiological Properties —A respiratory irritant and lethal 
agent. Exposure to concentrations of 0-3 mgm. per litre and 
higher produced the following symptoms in animals :—immediate 
excitement, irritation of the eyes and respiratory tract, and 
salivation. ‘These symptoms increase in severity as inhalation 
continues, and are accompanied by an action on the central 
nervous system which causes prostration. ‘This condition, with 
marked respiratory distress, persists until death. 

Immediate prostration and death result from exposure to 
very high concentrations ; with lower concentrations the symptoms 
are slower in appearance, less severe and seldom fatal. 

Cyanogen bromide is apparently more active at low concen- 
trations than the corresponding chloride, although the latter is 
more toxic in high concentrations —(U.S.A. Report.) 


Action on Dogs— 
A summary of results from half-an-hour’s exposure to 
different concentrations is given below :— 


1 in 33,800 (0-14 mgm. per litre), animal survived. 
1 in 27,800 (0-17 mgm. per litre), animal survived, but 
was extremely unwell. 

1 in 23,650 (0:20 mgm. per litre), animal survived. 

1 in 22,500 (0-21 mgm. per litre), was fatal in 18 hours. 

| in 18,200 (0-26 mgm. per litre), animal survived. 

1 in 15,700 (0-30 mgm. per litre), was fatal in $ hour. 

1 in 14,800 (0-32 mgm. per litre), was fatal in 4 hour. 

Higher concentrations proved fatal either during the 
exposure or shortly afterwards. 


Action on Mice— 
Exposure to concentrations above 1 in 4,730 (1 mgm. per 
litre) caused death in 1 to 4 minutes. 

Concentrations from 1 in 9,460 (0-5 mgm. per litre) 
fo L in 4,730 were fatal within 48 hours after exposure 
for 10 minutes. 

Concentrations below 1 in 10,000 (0-47 mgm. per litre) 
are seldom fatal, but produce excitement and _ local 
irritation.—(U'.S.A. Report.) : 


(Revised to 30/4/18.) 
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Cyanogen CuLoripe. CNC. 


General Properties—Mol. wt., 61-5. Weight of 1 litre of 
vapour = 2-745 grams. A colourless liquid with an irritating 
odour. B. Pt., 15-5° C. At low temperatures it forms a crys- 
talline solid which melts at—5° C. The density of the liquid 
is stated to be 1-22; a table showing its approximate vapour 
pressure at different temperatures is given below :— 





Vap. press. 
Baie « wm kg./em. 
0 0-60 
D 0°75 © 
10 0-93 
15 1-13 
20° 5 1-36 
25 1-63 
30 1:94 (French Report.) 


The substance is soluble in alcohol and ether, but only slightly 
so in water; it is readily decomposed by alkalis. The aqueous 
solution is stable, but liquid cyanogen chloride polymerises in the 
presence of halogens or of halogen hydracids to form cyanuric 
chloride, C;N,Cl,. The stability of the liquid can be ensured by 
the addition of other liquids. 


The most simple manner of preparing cyanogen chloride is 
by the chlorination of hydrocyanic acid in aqueous solution. 
The substance is without action on steel. 


Physiological Properties —A lachrymator, respiratory irritant 
and lethal agent. Cyanogen chloride is of the same order of 
toxicity as hydrocyanic acid, and the symptoms of poisoning 
produced by it are very similar to those of the latter. Death 
is caused by the action on the nervous system, and is preceded 
by convulsions, prostration and finally complete unconsciousness. 
In non-fatal cases, irritation of the eyes, nose and respiratory 
organs is produced; congestion and cedema of the lung have 
been observed but, in general, these symptoms are marked only 
after serious exposure which proves fatal through the nervous 
effect. Experiments have shown that recovery is effected on 
removal from the atmosphere in which the poison is present, 
even after complete prostration has occurred.—(C.C.P. 3409 
and U.S.A. Report.) 7 


Action on Man— 

A concentration of 1 in 1,000,000 (0-00274 mem. per litre) 
was perceptible by reason of eye irritation; 1 in 500,000 
(0:00548 mgm. per litre) was unbearable owing to 
lachrymation, and 1 in 100,000 was intolerable with the 
eyes protected.—(A.G.D. Report.) 

(see over) 
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A summary of results of experiments on different animals 
follows :— | 
(U = unconscious, D = died. 1/2 = one of two animals.) 


. Time of | | 
Concentra- | Expos- | Mone) a. 20: Rab- |Guinea ihe 
tion. ure, in Gopte..| keys. i088. Pe. bits. | Pigs. pA: 
Minutes. | 











| } { 
| 


Co DA! DAG Se ue. ae DA, eae D. 

































1 in 20,000 60 0/2, 0/2:0/2, 0/2/1/2, 1/2) 1/2, 0/2) 0/2, 0/2 0/2, 0/2) 2/2, 0/2 
(0-14 mgm. | | 
per litre). | | dis 
lin 10,000 ~~ 60 1/2, 1/2! 2/2, yal — | 2/2, 1/2) 0/2, 0/2 0/2, 0/2] 3/3, 2/3 
i Wa0 vibe 0/2 2/2, 0/2) — 3/3) 1/2, 0/2) 0/2, 0/2) 0/2, 0/2) 0/2, 0/2 
lin 5,000 | 30 — | py2, 0/2 | | 1/2, 0/2 
|i. QE 72h re oe Siippes NT Oe oe sia) ofa ols 
10 | 8/4, 0/2 0/2, 0/2 — 2/2 7, ERAGE ER ae BOTY 
Jin 2,000 | 10 ea a] al — 2/2;— —|— 3/3 
ete 2/2, 1/2 4/4, 0/2 — 2/2) 4/4, 3/4| 4/4, 2/4 3/4, 1/4) 5/8, 2/8 
1 1,000.|. 5 se ite ASE Mee aa OD aero) ay 

















pu Tiel San Nae la -(C.0.P. 3409.) 
The tests upon dogs made by the French authorities are in 
exact accordance with the above results. 
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Cyanogen Iopipr. CNI. 


General Properties—Mol. wt., 153. Weight of 1 litre of 
vapour = 6-830 grams. A white solid, crystallising in lustrous 
needles. It sublimes readily at 45° C. and melts, when heated in a 
sealed tube, at 146-5° C. The substance is slightly soluble in 
water, but readily so in alcohol and ether. 

Cyanogen iodide is prepared by the interaction of iodine and 
mercuric cyanide, of iodic acid and potassium thiocyanate, or of 
nitrogen iodide and hydrocyanic acid. 

Physiological properties —Exposure to the vapour. of the 
substance causes lachrymation, but has been found to have no 
marked poisonous results. 


Action on Mice— 
After exposure for 20 minutes (concentration undetermined) 
an animal recovered within a short time.—(Baker.) 


(Revised to 30/4/18.) 
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XLVIII. 1. 


o-DIANISIDINE. (4, 4-Diamido—3, 3-dimethoxybipheny]). 
NH,.(CH,0)C,H,.C,H,(OCH,)NH,. 


General Properties—Mol. wt., 244. Weight of 1 litre of 
vapour = 10-893 grams. The substance crystallises in colour- 
less leaflets, melting at 135° C. It is very slightly soluble in 
water, but dissolves more readily in ether. 

To prepare the substance, o-nitroanisole is reduced by zinc 
dust and alkali; the resulting hydrazo-anisole is then caused 
to undergo the “ benzidine conversion ” with the formation of 
dianisidine. | 

Physiological Properties.—Dianisidine, in the form of a 
powder, is stated to possess a powerful sternutatory action. 
Experiments in which the substance was discharged by means 
of a blast of air showed, however, that no marked effects of 
this kind were produced, the chief inconvenience resulting from 
exposure being lachrymation. There occurred, in addition, slight 
irritation of the throat, but sneezing only resulted in the case 
of one of several observers.—(Baker.) 


(Revised to 30/4/18.) 
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DrIAZOMETHANE. (Azomethylene.) CH,N,. 


General Properties—Mol. wt., 42. Weight of 1 litre of 
gas = 1-875 grams. A yellow, odourless gas which, on cooling 
by means of freezing mixtures, condenses to a yellow liquid, 
boiling at about 0° C. When heated to 200° C., the gas explodes 
with great violence. It is soluble in ether, chloroform and 
carbon tetrachloride, but the solutions obtained are not stable 
and in course of time deposit polymethylenes. 

Diazomethane is prepared by the action of alkali on nitroso- 
methylurethane, or of hydroxylamine hydrochloride on methyl- 
dichloramine. 


Physiological Properties.—The gas is stated to be poisonous 
and, in addition, has been found to possess considerable irritant 
power when in contact with the human skin. This irritant 
action was not immediately apparent, but developed about 
6 days after exposure and increased from a slight initial redness 
to an extremely painful sore. Individual susceptibility differs 
greatly with very low concentrations of the gas.—(Walker.) 

Experiments with solutions of the gas in chloroform and 
carbon tetrachloride gave no evidence that diazomethane was 
highly toxic. A concentration of 1 in 10,000 (0-1875 mgm. per 
litre) was fatal in only one case after 30 minutes’ exposure. 
Many animals were exposed, and most of them remained normal ; 
in some, however, a moderate degree of lung irritation was 
observed.—(C.C.P. 3881.) - 

It should be noted that absolute reliance is not to be placed 
on these results, since the diazomethane in the solutions employed 
may have undergone extensive decomposition. 


(Revised to 30/4/18.) 
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DIBROMODIMETHYL EtrHrer. (Symm.) (CH,Br),0O. 


General Properties —Mol. wt., 204. Weight of 1 litre of 
vapour = 9-107 grams. A heavy liquid, fuming in air and 
boiling at 154-155° C. The density at 20° C. is 2-2013; at 
low temperatures it solidifies, the melting point being - 34° C. 

The substance is prepared by the action of hydrobromic 
acid on trioxymethylene or by the interaction of formaldehyde 
and hydrobromic acid in aqueous solution. 

~Phystological Properties—In general, dibromodimethy! ether 
acts as a pulmonary irritant, and in most animals causes death 
from cedema of the lungs. Considerable damage of the epithelial 
lining of the trachea and bronchi may result from exposure to 
an atmosphere containing the substance, but the effect varies 
with different animals. In experiments with goats and rabbits 
death seemed frequently to be due to a general poisonous effect, 
as the lesions observed in the lungs were not sufficiently severe 
to prove fatal. There was no evidence of a similar effect upon 
the other animals employed. The substance is definitely less 
poisonous than phosgene or chloropicrin. 

Dibromodimethyl ether is a comparatively feeble lachry- 
mator; in contact with the human skin no irritant action was 
produced either by a solution or by the pure substance.— 
(CEP, 32885. C.CP, 3805.) 

Action on Man— 

A concentration of 1 in 1,000,000 (0:0091 mgm. per litre) 
was detectable by its lachrymatory power; a con- 
centration of 1 in 500,000 (0-0182 mgm. per litre) could 
be endured by several observers. 

A summary of the experiments carried out on animals is 
given below :— 



































| | 
| | | 
Concentra- a : ae 
tion by bitees Ce Goats. oe Dogs. | Cats. | ie BS Rats. 
Sonne xposure. | | eys. | | its. igs. 
| 
| | 
1 in 500,000 12 hours 2 OL + 202 | OPS 0/4 0/4 
(0°018 mgm. | | 
per litre) | ee | | 
1 in 200,000 |120 minutes 0/2 o/1| — | — | — ee A 
(0°045 mgm. | | | | 
per litre) : | | 
1 in 100,000 |120 minutes 1/2 1/1 Os O)2 O2 le Oe Tie 
(0-091 mgm. | 60 minutes 2/2 L/d | — | —~ | —~ | ~— | — 
per litre) | 30 minutes| 1/2 OF a ae — | — 
bin 20,060; 2 |.60-minutes.| -— <)--— |. = 47 0/2 | 0/2 |" -3y4 | oy4 
- |30 minutes) 2/2 | 1/1 : ee oid. eo Od 
1 in 10,000 60 minutes} — | —. | — | 2/2 1/2 — | — 
30 minutes| 2/2 | 1/1 | 2/2 |. 1/4 | 2/4 | 4/4 | 4/4 
1 in 5,000 30 minutes | — ae — | 2/2 1/2 — — 
15 minutes; 1/2 | 1/1 0/2 | 0/2 | 0/4 4/4 4/4 
f OremaM es | aE es i ale ~~ 0/2 0/2 
1 in 2,000 5minutes | 2/2 | 1/1, 1/2, 1/2 | 0/2 2/2 1/2 
3 minutes | — Oy |. = See 0/2 0/2 
| 
(C.C.P. 3805.) 
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DicHLORBENZYL BromipE. C,H,Cl,.CH,Br. 

General Properties —Mol. wt., 240. Weight of 1 litre of 
vapour = 10-71 grams. A liquid, boiling 255-270° C., insoluble 
in water, but readily soluble in alcohol, acetone, benzene, and 
petroleum ether. 


The variation of the density with rise of temperature is as 
follows :— 





fis Ges D. 
12 1-687 
28-5 1-673 
40-2 1-659 
49-5 1-648 
60-8 1-632 
72-5 1-618 


the coefficient of expansion for a range of temperature from 
17-2° to 72: 5° C. being 0: 00077.—(Philip.) 

The vapour pressure of the substance at ordinary temperatures 
is low, as is shown by the following figures :— 


ee Vap. Press. in mm. 
30 0-04 
50 0-28 
70 0-60 


(A.G.D. Report.) 


Dichlorbenzyl bromide is prepared by the chlorination of 
toluene at low temperature (in the presence of the Al-Hg 
couple), with the production of dichlortoluene, and by subse- 
quent bromination of the latter at the boiling point. In the 
pure state the liquid is without action on steel or cast iron.— 
(Baker.)* 


Physiological Properties —The substance is a lachrymator 
and, toa slight extent, a respiratory irritant; its toxicity is low. 
The lachrymatory effect is more persistent and more painful than 
that of benzyl bromide; the irritant effect on the lungs is not 
marked, congestion and slight pulmonary cedema only being 
produced. 

Exposure to atmospheres containing dichlorbenzyl bromide 
may also cause irritation of the skin.—(Wolf. Cushny.) 


Action on Man— 

The following concentrations were obtained by spraying a 
solution of the substance in alcohol :— 

1 in 50,000,000 (0-000214 mgm. per litre) was detected 

by 6 of 8 observers within 105 seconds. 


* The above data and the following physiological results refer to a 
sample consisting of a mixture of the 2°3-, 2°4-, 2°6-, and 3° 4-isomers 
in which the 2°4-isomer was predominant. Small quantities of di- 
chlortoluene and of o-and p-monochlorbenzy! bromides were also doubtless 
present in the mixture. 


(see over) 
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1 in 10,000,000. (0-00107 mgm. per litre) was detected 
by lachrymation after 22 seconds, and caused 
breakdown of several observers after 91 seconds. 

1 in 5,000,000 was detected after 71 seconds and caused 
breakdown in 3 of 8 observers after 75 seconds. 

1 in 2,000,000 (0-0053 mgm. per litre) caused lachry- 
mation after 11 seconds and breakdown in 6 of 8 
observers after 1 minute. 

1 in 1,000,000 was detected after 7 seconds and caused 
complete breakdown of all the observers within 58 
seconds.—-( Wolf.) 


Action on Animals— 

Goats, monkeys, dogs, cats, rabbits, guinea pigs and rats 
were exposed for 30 minutes to an atmosphere saturated 
with the vapour at 8° C.(nominal concentration 1 in 
10,000). Symptoms of irritation were observed, but no 
signs of illness were apparent after exposure. Patho- 
logical examination showed marked congestion of the 
lung in the case of one guinea pig, and one dog had 
severe conjunctivitis in one eye. In a further experi- 
ment similar exposure again produced no lethal effects.— 
(Barcroft.) 


Action on Cats— 7 
Exposure for 30 minutes to a nominal concentration of 1 
in 2,000 caused discomfort, lachrymation and salivation. 
Two animals exposed remained normal for three and six 
days respectively, after which periods they became ill 
and died. In each case congestion and slight cedema of 
the lung were observed.—(Cushny.) 


(Revised to 30/4/18.) 
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60'-DicHLoRBUTYL SuLPHIDE. (CH,Cl.CH,.CH,.CH,),.S8. 


General Properties—Mol. wt., 215. Weight of 1 litre of 
vapour = 9-60 grams. The compound is a viscid oil, soluble in 
carbon tetrachloride. -It is prepared by processes exactly 
similar to those used in the preparation of the analogous ethyl- 
compound (q.v.). 


Physiological Properties —The substance acts as a weak skin- 
irritant; it is much less powerful in this respect than dichlorethyl 
sulphide.—(Herring and French Report.) 


Action on Man— 
Solutions of the pure substance in carbon tetrachloride had 
no blistering effect when in contact with the skin at 
concentrations of 1 in 100 and 1 in 1,000.—(Herring.) 


; (Revised to 30/4/18.) 
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PB -DICHLORETHYL SULPHIDE Disromipe. (CH,CLCH,), SBry. 


General Properties—Mol. wt., 319. Weight of 1 litre of 
vapour = 14-241 grams. An orange-coloured crystalline solid 
which is unstable; on standing it changes spontaneously into 
liquid products. 

The substance is obtained by the direct union of dichlorethyl 
sulphide and bromine. 


Physiological Properties —The substance acts as a vesicant, 
but is much less powerful in this respect than dichlorethyl 


sulphide. 


Action on Man— 

One drop of a solution of the substance in hbo concen- 
tration 1 in 1,000, caused redness and inflammation of 
the skin of the forearm in only one of six subjects. 
Control experiments with dichlorethyl sulphide in the 
same concentration showed that this subject was par- 
ticularly sensitive to the action of the latter and presum- 
ably also to the action of the dibromide.—(A.G.D. 
Report.) 


(Revised to 14/5/18.) 
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bp'-DICHLORETHYL SuLPHONE. (CH,CI.CH,),SO,. 


General Properties —Mol. wt., 191. Weight of 1 litre of 
vapour = 8-526 grams. <A pearly white crystalline substance 
which melts at 54° C., and is without smell. It is very soluble in 
alcohol and hot water, though solution in the latter takes place 
slowly ; it-dissolves to a slight extent in cold water, and is volatile 
in steam. 

The substance may be obtained by the oxidation of dichlor- 
ethyl sulphide; it is more conveniently prepared, however, from 
the corresponding sulphoxide, by oxidation with fuming nitric 
acid or potassium permanganate. 





Physiological Properties.—The substance acts as a sternutator, 
and, when injected into animals, has been found to have toxic 
effects greater than those of either dichlorethy! sulphide or 
sulphoxide.—(MacNee and Sladden.) 

Exposure to the vapour causes lachrymation and irritation 
of the nose and throat, followed by sneezing and a burning 
sensation on the skin. Various experiments were made with 
dilute solutions of the substance in alcohol and, in general, the 
results were of a similar nature to those given by diphenyl- 
chlorarsine in corresponding concentrations, but much _ less 
severe. No headache resulted from exposure, and the irritant 
effects did not persist for any length of time. 


Action on Man— 


The following concentrations are nominal, and were obtained 
by various methods :— 


1 in 1,000,000 (0:00853 mgm. per litre) by detona- 
tion, produced distinct irritation of the nose and 
throat and sneezing, after 4 minute. 

1 in 250,000 (0:0341 mgm. per litre) by volatilisation 
and by spraying, caused immediate sneezing. 

1 in 100,000, by detonation, immediately produced 
violent irritation, accompanied by a burning sensation 
in the chest.—(C. L. Report.) . 


(Revised to 14/5/18.) 
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DICHLORODIMETHYL ErHEerR. (Symm.) (CH,Cl),O. 


General Properties.—Mol. wt., 115. Weight of 1 litre of 
vapour = 5-134 grams. A colourless oil with a pungent odour, 
boiling at 105° C. The density at 15° C. is 1-328. The liquid 
decomposes in contact with water, or in moist air, with the 
formation of formaldehyde and hydrochloric acid. 


Dichlorodimethy] ether is prepared by the action of phosphorus 
trichloride on trioxymethylene in the presence of zinc chloride. 


Physiological Properties —The substance acts chiefly as a 
respiratory irritant, and inhalation in sufficient amount leads to 
fatal injury of the respiratory tract. Experiments have shown 
that the effect varies considerably with different animals. 
Monkeys are particularly susceptible to the poison, and on 
exposure to high concentrations develop severe cedema of the 
lung, which is usually fatal. In other animals, similar exposure 
causes the most serious lesions to occur in the trachea and bronchi. 
Destruction of the epithelium, copious exudation of fibrin which 
forms solid coagula and gives rise to blockage of the air passages, 
and cedema of the lung are produced, but the latter is generally 
insufficient to cause death. Dogs are relatively slightly affected, 
and the lungs seldom show definite oedema. 


In a few cases death is apparently due to a general poisonous 
effect, the nature of which is unknown. Dichlorodimethyl ether 
is of moderate toxicity; it is less poisonous than phosgene or 
chloropicrin and, for equal molecular concentrations, is not more 
poisonous than dibromodimethyl ether. In addition to the 
action on the respiratory organs, it possesses feeble lachrymatory 
powers, but has no corrosive effect on. the human skin.—(C.C.P. 
4074. €.C.P. 4078. French Report.) 


Action on Man— 


A concentration of 1 in 100,000 (0-0513 mgm. per litre) was 
perceptible by smell and slight irritation of the eves; 
1 in 50,000 (0-102 mgm. per litre) produced distinct 
irritation and moderate lachrymation, but the effect was 
not lasting, and had diminished somewhat at the end of 
3 minutes, while 1 in 20,000 (0-256 mgm. per litre), 
though unpleasantly irritating to the eyes and throat, was 
tolerable —(C.C.P. 4074. A.G.D. Report.) 


Action on Animals— 


The following table summarises the results of a series of 
experiments to determine the toxicity of the substance. 
The concentrations were obtained by spraying :— 


(see over) 


(1/2 signifies that one of two animals died.) 
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(C.0.P. 4074.) 
(Revised to 21/5/18.) 


LVII. 


DICHLORODINITROMETHANE. CC1,(NO,)o. 


General Properties —Mol. wt., 175. Weight of 1 litre of 
vapour = 7-81 grams. An oil, boiling above 100° C., which is 
volatile in steam. The density at 15° C. is 1-685. The liquid 
is stable and is without action on most metals. 

Dichlorodinitromethane is prepared by the distillation of 
naphthalene tetrachloride with concentrated nitric acid. 


Physiological Properties.—The substance is a lachrymator and 
respiratory irritant. Its action on the upper respiratory tract 
is more marked than that of chloropicrin, while the effect on the 


deeper respiratory channels is less so. It is much less toxic than 
chloropicrin. 


Action on Man— 
Exposure for 10 minutes to a concentration of 1 in 3,000,000 
(0-0026 mgm. per litre) caused definite lachrymation ; 
1 in 100,000 (0-0781 mgm. per litre) incapacitated imme- 
diately, owing to the painful sensation in the eyes, nose 
and throat. 3 


Action on Cats— 
Exposure to a concentration of 1 in 1,000 for 45 minutes 
caused death from dyspnoea. Marked eye irritation and 
bronchial constriction were produced. 


Action on Rats— 
A concentration of 1 in 10,000 was seldom fatal after 
1 hour’s exposure; 1 in 2,000 and 1 in 1,000 caused death 


as the result of 60 and 30 minutes’ exposure respectively. 
—(Hardy). 


(Revised to 30/4/18.) 
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LVIII. 1 


m-DICHLORXYLYLENE Bromips. Cl,C,H,.(CH,Br),. 


General Properties—Mol. wt., 333. Weight of 1 litre of 
vapour = 14-866 grams. 


Physiological Properties —The compound is a weak lachry- 
mator, and is exactly similar in action to the monochlor-deriv- 
ative. 


Action on Man— 

A concentration of 1 in 10,000,000 (0-00148 mgm. per 
litre) was perceptible, but produced no serious lachry- 
mation; 1 in 1,000,000 caused severe lachrymation and 
pain which persisted for 1 to 2 hours after the observer 
had withdrawn from the atmosphere.—(Cushny.) 


(Revised to 30/4/18.) 
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LIX, 1 


DI-IODO-ACETYLENE. C,l,. 


General Properties—Mol. wt., 278. Weight of 1 litre of 
vapour = 12:41 grams. A colourless, crystalline, volatile solid, 
melting with decomposition at 82° C,, and having an odour 
resembling that of phenyl carbylamine, It is readily soluble in 
ether. On being gently heated in air, the substance forms 
tetra-iodo-acetylene, but at temperatures between 80° and 100°C, 
it explodes violently, with the liberation of iodine and carbon, 
On exposure to light or on heating in solution, it decomposes to 
form the tetraiodo compound. 

Di-iodo-acetylene is prepared by the action of iodine on silver 
acetylide or calcium carbide, or by the action of iodine and 
potassium hypoiodite on acetylene itself. 


Physiological Properties —A sternutator and respiratory irrit- 
ant. Inhalation of the vapour of the substance caused violent 
sneezing and congestion of the pulmonary parenchyma, but had 
no fatal effects, 


Action on Dogs— 
Exposure for 30 minutes to an atmosphere containing the 
vapour was not fatal. (Concentration not stated), 


Action on Other Animals— 

A concentration of 1 in 155,000 (0-08 mgm. per litre) 
caused irritation of the upper respiratory tract; a con- 
centration lower than 1 in 6,200 (2 mgm. per litre) 
affected the lower respiratory organs and caused sneezing. 
—(French Report). 


(Revised to 30/4/18.) 
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DimeTayL, SuLtpHaTse. (CH,),SO,. 


General Properties—Mol. wt., 126. Weight of 1 litre of 
vapour = 5-625 grams. A colourless oily liquid, boiling with slight 
decomposition at 187-188° C. The density at 18° C. is 1-327, 
and the vapour pressure at 11-3° C. is 3:3 mm. The liquid is 
insoluble in water, but readily soluble in alcohol, ether, chloro- 
form and benzene. If allowed to remain in contact with water 
for a considerable time, it decomposes with the formation of 
methyl alcohol and methylsulphuric acid. 

Dimethyl sulphate is conveniently prepared by the inter- 
action of methyl alcohol and chlorosulphonic acid. 


Physiological Propertues.—A_ respiratory irritant and _ lethal 
agent, which has also a marked corrosive action on the skin. 
Symptoms of poisoning are due to the action of the substance 
per se, and not to sulphuric acid as a decomposition product. 
The substance affects the nervous system; inhalation of the 
vapour causes severe eye irritation and corrosion of the air 
passages, which may result in death. Fatalities caused by the 
corrosive action on the skin are probably due to absorption of 
the poison by the blood.—(Aull.) 


Action on Dogs— 
A concentration of 1 in 6,000 (0-94 mgm. per litre) proved 
fatal 18 hours after an exposure of 30 minutes.—(French 
Report). 


Action on Cats— 
The following concentrations, obtained by spraying, had 
the effects described :— 


1 in 20,000 (0-281 mgm. per litre) was not fatal after 
half-an-hour’s exposure. 


1 in 10,000 (0-562 mgm. per litre) produced lachry- 
mation, dyspnoea, corneal ulceration, and in some cases 
ultimately proved fatal; the period of exposure was 
l-hour, 

in 5,000 (1-125 mgm. per litre), after 1 hour’s 
exposure, caused complete destruction of the mucous 
membrane of the trachea and tubes, and finally broncho- 
pneumonia. Death resulted in 48 hours. 


—_— 





Action on Rabbits 

About 5 cc. of the liquid were sprinkled on an animal’s 

fur at the neck, and the animal was kept in a closed 

space for 1 hour. Death occurred in 48 hours. In- 

flammation of the skin, cedema of one ear, conjunctivitis 

and tracheitis were observed. ‘The lungs, however, 
appeared normal. 


3 ce. of the liquid, sprinkled in a similar fashion and 
followed by similar confinement, produced redness and 


(see over) 


LX.4 


congestion of the skin in the parts affected, and con- 

_ junctivitis. Death resulted after 3 days, but there was 
again no evidence of lung injury. 

Subcutaneous injection of 0-2 cc. caused convulsions and 
death in 2 hours. A dose of 0-02 cc., on injection, 
produced no marked symptoms of poisoning, but proved 
fatal after 24 hours.—(Hill.) 


(Revised to 30/4/18.) 
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ANTIMONIURETTED Hyprocien. (Antimony Hydride; Stibine.) 
pbH,. 


General Properties.—Mol. wt., 123. Weight of 1 litre of 
gas = 5-491 grams. A colourless gas with a characteristic and 
unpleasant musty smell. Liquid stibine boils at —18° C. and 
solidifies at a temperature of —88° C. The gas is somewhat 
soluble in water, more so in alcohol, and extremely so in carbon 
disulphide; it readily decomposes into its elements and, if 
suddenly heated, it dissociates with explosive violence. It is, 
however, much more stable when mixed with hydrogen. 

Antimony hydride is obtained by the action of hydrochloric 
acid on calcium or magnesium antimonides or by the action of 
‘nascent’ hydrogen on antimony compounds in acid solution. 


Physiological Properties—The gas resembles arsine (q.v.) in 
action, but is less poisonous. 


Action on Animals— 
For the following tests, a 5 per cent. mixture of stibine with 
hydrogen was used :— 

Rats, guinea pigs and mice were exposed for .30 
minutes to a concentration of 1 in 1,800 (13-050 
mgm. per litre). Most of the animals remained 
normal during exposure and after release. One 
mouse died 20 hours later from congestion of the 
lungs.—(Hzull.) 


: (Revised to 22/8/18.) 
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w-BROMACETOPHENONE. (Phenacyl Bromide.) C,H;.CO.CH,Br. 


General Properties —Mol. wt., 199. Weight of 1 litre of 
vapour = 8-884 grams. A crystalline solid, M. Pt., 50° C., 
readily soluble in alcohol and ether. It is prepared by the action 
of bromine on acetophenone. ; 


Physiological Properties——The -vapour is strongly lachry- 
matory; the substance, as a powder or in solution, was found to 
have no blistering or irritant action on the human skin.— 
(Cushny.) , 

Action on Man— 

The concentrations recorded below were obtained by 
evaporation :— 

1 in 15,000,000 (0:00059 mgm. per litre) caused 
irritation, which increased considerably after 10 
minutes. The observer, however, could read with 
difficulty at the end of the exposure. 

1 in 7,000,000 (0:00127 mgm. per litre) produced severe 
lachrymation during an exposure of 10 minutes. 

1 in 4,500,000 (0-00197 mgm. per litre) caused more 
marked irritation; at :the end of 5 minutes the 
observer was unable to keep his eyes open. 

1 in 2,000,000 (0.00444 mgm. per litre) could be 
erdured for 2 minutes only. 

1 in 500,000 (0-01777 mgm. per litre) was unbearable 
owing to irritation of the eyes and nose.—(Cushny.) 


(Revised to 12/8/18.) 
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o-BROMPHENOL. Br.C,H,.0OH. 


General Properties—Mol. wt., 173. Weight of 1 litre of 
vapour = 7-723 grams. Aliquid witha pungentodour. B. Pt., 
195° C. It is soluble in alcohol and is prepared by the action 
of bromine on phenol at 150°-180° C. 

Physiological Properties —The substance is a weak respiratory 
irritant. 

Action on Animals— 

Exposure of various animals (cat, rabbit, guinea pig and 
rat) to a concentration of 1 in 10,000 (0-772 mgm. per 
litre) for 30 minutes produced no respiratory symptoms.— 
(C.OP. 3052.) 


(Revised to 9/8/18.) 
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p-BROMPHENOL. Br.C,H,.OH. 


General Properties—Mol. wt., 173. Weight of 1 litre of 
vapour = 7-723 grams. A colourless, crystalline solid. M. Pt., 
66° C. and B. Pt., 280° C. It is slightly soluble in chloroform, 
but very soluble in alcohol and ether. 

Physiological Properties—A weak respiratory irritant. 

Action on Animals— 

A cat, rabbit and guinea pig exposed to a concentration of 
1 in 5,000 (1-545 mgm. per litre) for 30 minutes showed 
no signs of respiratory distress —(C.C.P. 3052.) 


(Revised to 9/8/18.) 





XXXVIII. 2. 


o-CHLORPHENOL. Cl.C,H,.OH. 


General Properties——Mol. wt., 128-5. Weight of 1 litre of 
vapour = 5-737 grams. At ordinary temperatures the substance 
is a colourless liquid with a pungent odour, B. Pt., 176° C.; 
at low temperatures it forms a crystalline solid, M. Pt., 7° C. 
It is soluble in alcohol and is prepared by passing chlorine into 
phenol at 150°-180° C. 


Physiological Propertues—A ey irritant. 


Action on Animals— 

Cats, rabbits and guinea pigs, after exposure for 30 minutes 
to a concentration of 1 in 10,000 (0-574 mgm. per litre), 
showed no severe respiratory symptoms. 

Rats exposed for a similar time to the same Sonecie ann 
showed considerable cedema of the lung.—(C.C.P. 3052.) 


(hevised to 9/8/18.) 
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XXXVIII. 3. 


p-CHLORPHENOL. Cl.C,H,.OH. 


General Properties —Mol. wt., 128-5. Weight of 1 litre of 
vapour = 5-737 grams. <A white solid, melting at 41° C. to 
give a liquid with a very pungent smell; B. Pt., 217° C. The 
substance is slightly soluble in water, and very soluble in alcohol 
and ether. It reacts with fuzed alkalis to give the corresponding 
dihydroxy-benzene. 

p-Chlorphenol is prepared by chlorinating phenol with the 
aid of sulphuryl chloride. 

Physiological Properties.—The substance is a weak respiratory 
irritant. 

Action on Animals— 

Cats, rabbits and guinea pigs exposed for 30 minutes to a 
concentration of 1 in 6,000 (0-956 mgm. per litre) 
suffered only slight lung irritation.—(C.C.P. 3052.) 


(Revised to 9/8/18.) 
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BB’-DicHLORETHYL SuLPpHIDE. (CH,CI.CH,),S. 


General Properties —Mol. wt., 159. Weight of 1 litre of 
vapour = 7-098 grams. A pale yellow oil, with a faint charac- 
teristic odour similar to that of garlic or mustard. The boiling 
point at atmospheric pressure is 217° C.; at 240 mm., 173—175° ; 
at 120 mm., 154-156°; and at 22 mm.,116° C. On cooling, the 
liquid crystallises in long colourless prisms which melt at 13° C. 

The substance is soluble in water to a slight extent and is 
volatile in steam; it undergoes slow hydrolysis with boiling 
water. It dissolves readily in alcohol, ether, chloroform and 
carbon tetrachloride. The density of the pure liquid is 
1-274 at 10° C., and in the crude state is 1-330 at 15° C. A table 
of the vapour pressures at different temperatures is given below :— 


Vap. Press. 
LG. in mm. 
10 0-01 
20 0-06 
30 ~—60- 09 
50 0-21 
FES) 0°38 


Owing to the very low vapour pressure, the experimental 
error for temperatures below 30° C. is relatively high.—(A.G.D. 
Repori.) ; 

Dichiorethyl sulphide is most conveniently prepared from 
the interaction of ethylene and sulphur monochloride under 
regulated conditions. It has a slight superficial corrosive action | 
on zinc, cast iron and lead, and is without action on steel. 


Physiological Properties.—The substance is a powerful irritant 
and corrosive agent. 

Exposure to the vapour results in severe irritation of the 
eyes, with the production of the following symptoms :—inflam- 
mation, conjunctivitis, becoming purulent in serious cases, and 
photophobia; irritation of the respiratory organs is also caused, 
with consequent laryngitis, hoarseness or complete loss of voice, 
persistent coughing, necrosis of the mucous membrane of the 
air-passages and bronchitis. Later, broncho-pneumonia may 
develop, usually with fatal results. 

In addition to the above effects, there is, more particularly 
after serious exposure, a considerable action on the digestive 
organs which causes vomiting and diarrhcea. General malaise, 
breathlessness and tachycardia after exertion are also produced 
and persist for some length of time. 

The corrosive action of dichlorethyl sulphide results from 
exposure to the vapour as well as from actual contact with the 
substance. Symptoms do not appear immediately, but become 
evident within 2 to 48 hours and generally after 4 to 6 hours. 
Widely spread burns are produced which chiefly affect the 


(see over) 
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covered parts of the body, such as the axille, the front of the 
chest, the inside of the elbows and forearms, the thighs and the 
genitals. The face, hands and scalp may also be affected. 

In order of development there is first observed an erythema 
and considerable irritation, followed by the formation of blisters, 
which may break and become septic. The erythema is attended 
by diapedesis of the blood cells. | 

When blisters are not formed, dark purple patches appear, 
which give place to deep brown pigmented areas, persisting for 
some time. After several weeks there is widely spread 
desquamation of the superficial epidermis (as after scarlet fever). 
—(French Reports.) 

Exposure to the substance seldom has fatal effects, but when 
death results it is almost invariably due to the effect on the 
respiratory organs, viz., septic bronchitis, or broncho-pneumonia. 

In a few cases, the primary necrotic action of the poison on 
the mucous membrance of the trachea and bronchial tubes is 
sufficient to cause death.—(Douglas.) | 

Individuals differ very considerably in resistance to the 
vesicant action of dichlorethyl sulphide, and on repeated 
exposure there is a marked increase in susceptibility.—(A.G.D. 
Report.) 


Action on Man— 

Exposure of the skin of the arm for 5 minutes to the vapour 
resulted in erythema within 24 hours. 

Similar exposure for 20 minutes produced a red papular 
area just short of a blister and hyperesthesia within 
24 hours. 

A concentration of 1 in 10,000 (0-7098 mgm. per litre) 
after 14 minutes’ exposure, with the eyes and mouth 
protected by a French respirator, caused symptoms of 
nausea after 6 hours and marked erythema after 
24 hours.—(French Report.) 

The following results were obtained by the employment of 
the standard method for testing the activity of vesic- 
ating agents. The pure substance was dissolved in 
alcohol and in each case one drop of the solution from a 
standard pipette was placed on the skin of the fore-arm. 

With a concentration of 1 in 1,000, in most cases redness 
and slight irritation developed after 48 hours and blisters 
appeared within 72 hours. 

Increase of sensitiveness owing to previous exposure was 
very marked in one case; the subject had been tested 
a month earlier and had not reacted to concentrations 
of 1 in 1,000 and 1 in 500; a severe burn, however, was 
produced with 1 in 100. ; 

When subsequently tested, with a solution of 1 in 1,000 
concentration, redness, inflammation, and extreme irri- 
tation were produced after 48 hours.—(A.G.D. Report.) 


(continued) 


LELE 


Action on Horses— 

Application of a drop of the pure oil to the skin by means 
of a fine pipette produced cedema within 19 hours, which 
became more marked after two days and was followed by 
skin lesions which began to heal only after three months. 

Solutions of dichlorethyl sulphide in alcohol had a similar 
effect, which lasted for the same length of time.—(French 
Report.) 

Action on Cats— 7 

A concentration of 1 in 2,000 (3-549 mgm. per litre) 
produced by spraying, caused lachrymation and rest- 
lessness after 15 minutes’ exposure. Dyspncea was 
produced after 20 hours and death occurred in 36 hours. 

A similar exposure to a concentration of 1 in 10,000 caused 
purulent conjunctivitis and photophobia in 20 hours. 
Death resulted from pneumonia after four days. 


Action on Rabbits— : 

Exposure for 4 hours to a concentration less than 1 in 
100,000 caused marked conjunctivitis after 12 hours 
and death within two days. 

A concentration of 1 in 20,000 produced conjunctivitis after 
5 minutes’ exposure and conjunctivitis and dyspnoea 
after 15 minutes’ exposure. The symptoms became 
apparent after 24 and 20 hours respectively. Exposure 
for 30 minutes had a similar effect, the dyspnoea being 
more marked.—(A.G.D. Report.) 


Action on Rats—- 

Sub-cutaneous injection produced conjunctivitis, diarrhoea 
and symptoms of internal disturbance. 

Post-mortem examination showed dilatation of the small 
blood-vessels in all the digestive organs, gastro-intestinal 
congestion, and distension of the stomach and intestine. 
The appearance of the animal was similar to that pro- 
duced by inhalation of the vapour. The minimum 
lethal dose for injection was found to be 1 mgm. for rats 
of weight from 150-200 grams.—(Herring.) 


Graphs showing the relationship between the three forms in 
which concentrations of the vapour may be expressed will be 
found in the Appendix. 


(Revised to 30/4/18.) 
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LXI. 1. 


DIMETHYLTELLURIUM DicHLorIpE. (CH3;).TeCl,. 


General Properties.—Mol. wt., 228-5. Weight of 1 litre of 
vapour = 10-200 grams. A ,white crystalline solid with an 
extremely nauseating smell. The substance dissolves in alcohol 
and benzene and decomposes on heating. 


Physiological Properties Exposure to the vapour of the 
compound causes a feeling of nausea, but has no other harmful 
effects. | 


Action on Man— 
The following concentrations were obtained by spraying 
a solution of the substance in benzene :— 

1 in 1,000,000 (0-0102 mgm. per litre) was detected 
by reason of the nauseating smell. 

1 in 500,000 and 1 in 250,000 were similarly detected, 
but produced no. irritant effects. 

Exposure to a concentration of 1 in 200,000 (0-051 
mem. per litre), obtained by detonation of solutions 
in carbon tetrachloride and chloroform, had no 
notable effect.—(A.G.D. Report.) 


(Revised to 18/5/18.) 
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DIMETHYLTELLURIUM D1I-IopIDE. (CH,) Tel,. 


General Properties.—Mol. wt., 411-5. Weight of one litre of 
vapour = 18-371 grams. A solid, crystallising in red needles, 
with an odour somewhat similar to that of phosphine. It is 
sparingly soluble in petroleum ether, but more soluble in carbon 
tetrachloride, chloroform and benzene; it decomposes on_ 
heating. | 

The substance is prepared by the action of methyl iodide on 
tellurium at a temperature of 80° C. 


Physiological Properties.—Dimethvltellurium iodide had no 
evident irritant action at concentrations up to 1 in 200,000 (q.v.). 
Its odour is peculiarly nauseating and persistent, but exposure 
to the vapour causes no serious discomfort. 


Action on Man— 
The concentrations recorded were obtained by spraying 

a solution of the substance in benzene :— 

1 in 10,000,000 (0-00184 mgm. per litre) was readily 

- detected by its disagréeable smell. 

1 in 1,000,000 (0-0184 mgm. per litre) caused slight 
pain in the nostrils. 

1 in 500,000 (0-0367 mgm. per fee was easily 
tolerable for three minutes, but more severe pain 
in the nostrils was experienced. 

A concentration of 1 in 200,000 (0-:0918 mgm. per litre), 
obtained by detonating a mixture of solutions in 
carbon tetrachloride and chloroform, produced 
effects. similar to those recorded above for the 
concentration 1 in 500,000.—(A.G.D. Report.) 


(Revised to 18/5/18.) 
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Ld 


CHLORIDE. 
(CgH,)Sb.Cl. 


General Properties Mol. wt., 309-5. Weight of 1 litre of 
vapour = 13-817 grams. A colourless crystalline solid, melting 
at 68° C. The substance is obtained by heating triphenylstibine 
and antimony trichloride in the presence of dry xylene at a 
temperature of 240—-250° C. 


Physiological Properties.—An irritant and lethal agent of the 
same order as diphenylarsenious chloride (g.v.). The concen- 
trations mentioned in the following data are nominal and were 
obtained by vaporisation of the substance by heat. 


DIPHENYLANTIMONIOUS (Diphenylchlorstibine.) 


Action on Man— 

1 in 5,000,000 (0-00276 mgm. per litre) produced symptoms 
exactly similar to those caused by diphenylarsenious 
chloride. 

The observers retired before anything beyond nose and 
throat irritation was experienced. 


Action on Animals— 
In the table given below 1/2 signifies that one of two 


animals died :— 


























Concen- Time of -_ | Guinea 
tration. | Hxcposure. Monkey. Dog. Cat. Rabbit. Pig Rat 
: 
1 in 20,000| 30 minutes 1/linless| 1/lin | 2/2inless; 0/2 2/2ina| 1/2 
(0-691 than’ 24 hours than few 24 hours 
mgm. per 48 hours | 48 hours hours 
litre) 





The animals which survived to the third day were examined 
and found to be normal.—(C.C.P. 4054.) 


(Revised to 17/6/18.) 
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DIPHENYLARSENIOUS CHLORIDE. (Diphenylchlorarsine.) 
(C,H.),AsCl. 


General Properties.—Mol. wt., 264-5. Weight of 1 litre of 
vapour = 11-808 grams. A colourless solid, crystallising in 
hexagonal prisms, which melt at 43° C., to give a faintly 
odorous yellowish oil, boiling at 333° C. under atmospheric 
pressure and at 233° C. at a pressure of 25 mm. The_substance 
does not dissolve in water, and is readily hydrolysed by it. It 
is easily soluble in alcohol, benzene and ether. The density of 
the superfused liquid at 15° C. is 1-4223; the vapour pressure 
is low, being 0-02 mm. at 50° C. and 0:05 mm. at 70° C. 

Diphenylchlorarsine is prepared by the interaction of tri- 
phenylarsine (2 mols.) and arsenious chloride (1 mol.) at high 
temperatures. The substance 1s without action on steel. 


Physiological Properties.—The substance acts as a lachrymator, 
sternutator and respiratory irritant. It is of the same order of 
toxicity as phosgene and chloropicrin. Inhalation of relatively 
low concentrations causes pain and irritation of the nose and 
throat, coughing and sneezing, very slight lachrymation, saliva- 
tion, nausea and general physical depression. 

Higher concentrations produce irritation of the eyes and 
skin, nausea, sometimes accompanied by vomiting and severe 
and painful injury of the respiratory organs.—(C.C.P. 3820.) 


Pathological examination of animals which succumbed after 
exposure to atmospheres containing the substance showed. that 
the lesions of the respiratory tract are alone sufficient to account 
for death. Pulmonary cedema is common and frequently severe, 
but the most distinctive feature is the severity of the injuries 
produced in the upper air-passages. ‘This is especially noticeable 
in dogs and goats.—(C.C.P. 3391.) The effects vary somewhat 
for different animals, but in general there is, in severe cases of 
poisoning, more or less complete destruction of the epithelium of 
the trachea and bronchi, with the formation of an inflammatory 
exudate which causes obstruction of the air-passages, intense 
congestion of the pulmonary parenchyma and widely spread 
‘pulmonary cedema. Frequent exposure to the action of the 
poison causes increased susceptibility—(Prench Report. U.S.A. 
Report. C.C.P. 4414.) 

Action on Man— 

The data given below show the varying irritant effects of 

concentrations obtained by different methods :— 

1 in 500,000,000 (0-000024 mgm. per litre), sprayed 

in petroleum ether. Nasal irritation after 1 
minute; easily tolerable. 

1 in 200,000,000 (0-000059 mgm. per litre), sprayed in 

alcohol. Irritation of nose and throat; tolerable. 

1 in 200,000,000, vaporised by heat. Considerable 

- irritation; tolerable for 5 minutes, some sneezing. 


(see over) 
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1 in 100,000,000 (0-000118 mgm. per litre), sprayed 
in various solvents. Severe irritation and sneezing 
produced. 

1 in 100,000,000 (0- 000118 mgm. per litre), vaporised. 
Severe irritation; tolerable for 5 minutes. . 

1 m 50,000,000, sprayed. Irritation produced in 1 
minute. 

*Lin 50,000,000, vaporised. Limit of toleration reached. 

Disagreeable symptoms were marked on withdrawal 


from atmosphere. 
1 in 1,000,000, 


Action on Anvmals— 
- The toxicity of the substance for different animals is given 
below :— 


(1 (1/2 cau that one of two ae died.) 


sprayed. 


Immediate irritation and 
severe pain in the head after exposure.—(A.G.D. 
Report.) 


























| | 
| Time of 
Concentration. ree ee Goats. si Dogs. | Cats. a eee Rats. 
Minutes. 

1 in 100,000 60 — aa — 0/2 0/2 2/2 0/4 
(0-118 mgm. per litre) 30 a — = - = — 0/2 a= 
1 in 50,000 30 i/o.) She Eater sofort yoy AE DKON AL 0f4 
1 in 20,000 30 Ce a el Ma Py ai 0/4 
(0°59 mgm. per litre) | 15 0/3 os 1/2 0/2 1/2 — 
1 in 10,000 30 aah Poet Aptiitin eu ge | V AM gueted aaa 
15 Lae il eat ee 21M Ole 

10 Of251 ee Ta Ole | aout ee = 
1 in 5,000 10 ae HE, ME eh Ope a ON yoy Sou Hf Bid 

2-361 mgm. per litre) 




















Further results, 


tabulated below, were 


different preparation of the substance : — 


(C.C.P. 3050.) 


obtained with a 





























Time of | 
. Exposure, Rab- | Guinea 
Concentration. in Goats. 2 | Dogs. Cats. | pig, Pigs. Rats. 
Minutes. if 
ites | 
1 in 100,000 60 OD Amer eeal. Sue 
30 ER ete oS vest g 8) on 1/2 eu 
1 in 40,000 605 40/21 NOR. ell eR 2) Ore 2/2 2/2 
30 | «O/2 | — 2} — | = 1/2 1/2 
1 in 20,000 30 172 | 1/1 | 1/2 | 0/2 | 1/2 1/2 2/2 
| | | 
1 in 10,000 30 V2 \eOflei oj Viti Ojai) af 2/4 
| 


an 








(C.C.P. 4140.) 
(continued) 


EXT. i 


Action on Horse— 
The application of the substance in the form of a paste with 
vaseline produced irritant effects on the skin, which: 
persisted for 45 days to 2 months.—(French. Report.) 


Graphs showing the relationship between the three forms in 
which concentration of the vapour may be expressed will be 
found in the Appendix. 


(Revised to 30/4/18.) 
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DIPHENYLARSENIOUS OXIDE. [(C,H;),As],O 


General Properties —Mol. wt., 474. Weight of 1 litre of 
vapour = 21-161 grams. A colourless crystalline solid, melting 
at 91-92° C. Diphenylarsenious oxide may be prepared from 
diphenylchlorarsine by heating with alcoholic potash, or by the 
interaction of the Grignard reagent, phenyl magnesium bromide, 
with arsenious oxide. | 


Physiological Properties —The substance is a sternutator, 
respiratory irritant and lethal agent. It is much less active in 
every respect than diphenylchlorarsine. Inhalation of the 
vapour affects the air-passages and lungs, the lesions produced 
being exactly similar to those caused by the above mentioned 
arsine derivative, but less severe.—(French Report. C.C.P. 3752. 
C.C.P. 3391.) | 

It is stated that exposure to the vapour also causes severe 
inflammation and swelling of the eyelids, without affecting the 
power of vision.—( Whiteley.) 

Action on Man— 

A concentration of | in 20,000,000 (0-00106 mgm. per litre) 
caused severe irritation of the nose and throat.—(C.C.P. 
3052.) 3 

Action on Animals— 

The following table shows the toxicity of the Suupoung 
for different animals :— 


(1/2 signifies that one of two animals died.) 












































Time of 
Concentration by Eee Mon- Rab- | Guinea 
VWoluuic: Goats. keys. Dogs. | Cats. | piss, Pigs. Rats. 
inte: 
1 in 40,000 Yes AID ene Gaeta Picea Miner ox 7 Eee irene 
(0° 529 mgm. per litre) | | 
1 in 20,000 30 — | 0/1 0/1 0/2 0/4 4/4 0/2 
(1-058 oe per litre) | | 
1 in 10,000 80). fh oS Wile al 0/2 0/2 1/2 0/2 
(2-116 asieg per litre) | | | | 
5,000 30 | — — | 1/2 0/2 2/2 0/2 
(4: 939 ed per litre) | | | | 
(C.C.P. 3752.) 


(Revised to 14/5/18.) 
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DITOLYLARSENIOUS CHLORIDES. (Ditolylchlorarsines.) 
(CH,.C,H,),AsCl. 


General Properties —Mol. wt., 292-5. Weight of 1 litre of 
vapour = 13-058 grams. The o-, m- and »- derivatives are 
obtained by distilling the corresponding tritolylarsine dichloride 
under diminished pressure. The substances are insoluble in 
water, but readily soluble in alcohol and ether. 


Physiological Properties.—In comparison with the diphenyl- 
chlorarsine, the o- and p- ditolylarsenious chlorides are compar- 
atively ineffective as respiratory irritants. The aggressive action 
of the ortho-compound is slightly greater than that of the para- 
derivative; nevertheless exposure to the vapour in low con- 
centrations produced no distressing symptoms of lachrymation 
or respiratory irritation. 

In the following experiments the period of exposure in each 
case was 5 minutes. 


Di-o-tolylarsenious Chloride. 
Action on Man— 


Concentrations obtained by heat dispersal— 
1 in 40,000,000 (0-000326 mgm. per litre) caused very 
slight irritation of the throat. 
1 in 4,000,000 (0:00326 mgm. per litre) caused slight 
lachrymation and irritation of the nose and throat. 
Concentration obtained by spraying a solution in ether— 
1 in 4,000,000 produced only slight respiratory efflects.— 
(A.G.D. Report.) 


Di-p-tolylarsenious Chloride. M. P., 45° C.; B. Pt., 340-345° C. 
Action on Man— 
Concentrations obtained by heat dispersal— 
1 in 40,000,000 had no irritant effect. | 
1 in 4,000,000 produced very slight irritation of the 
throat. 


Concentration obtained by spraying an ethereal solution of the 
substance— 
1 in 4,000,000 produced very slight irritation of the 
nose and throat.—(A.G.D. Report.) 


(Revised to 29/8/18.) 





LXVIL,. 1. 


ETHOXYDICHLORARSINE. (C,H;O)AsCl,. 


General Properties—Mol. wt., 191. Weight of 1 litre of 
vapour = 8-527 grams. A colourless liquid, fuming slightly in 
moist-air. B. Pt., 146° CC. D. = 1-75. It.is soluble m alcohol, 
but is readily hydrolysed by water. 

Ethoxydichlorarsine is prepared by the interaction of sodium 
ethoxide and arsenious chloride in equimolecular proportions. 


Physiological Properties.—The substance is a weak respiratory 
irritant. Inhalation of comparatively high concentrations of the 
vapour produced slight tingling in the nose and throat, but 
caused no serious discomfort. 


Action on Man— 


The following concentrations were obtained by spraying a 
solution of the substance in alcohol :— 


1 in 10,000,000 (0:00085 mgm. per litre) had no 
irritant effect. 

1 in 1,000,000 (0-0085 mgm. per litre) had no irritant 
effect. 

1 in 250,000 (0-0341 mgm. per litre) had no irritant 
effect. 

1 in 100,000 caused slight irritation of the nose and 
throat.—(A.G.D. Report.) 


(Revised to 9/5/18.) 
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ETHYLARSENIOUS CHLORIDE. (Ethyldichlorarsine.) C,H, AsCl,. 


General Properties.—Mol. wt., 175. Weight of 1 litre of 
vapour = 7-812 grams. A colourless liquid with a faint ethereal 
smell. B. Pt., 156°C. It is soluble to a slight extent in water, 
but is hydrolysed by it to give ethylarsenious oxide; it dissolves 
readily in alcohol, ether and benzene. 

EKthyldichlorarsine is most easily prepared by the interaction 
of caustic soda, arsenious oxide and ethyl iodide to form sodium 
ethylarsinate; from this, ethyl iodoarsine is obtained by reduction. 
Subsequent chlorination gives the chloro-derivative. 


Physiological Properties—The substance is a _ respiratory 
irritant and lethal agent. In addition it has definite vesicating 
properties, but is much less active in this respect than dichlor- 
ethyl! sulphide. 

Fatalities resulting from exposure to the vapour are due to 
injury of the lungs and bronchial tubes. The lesions of the 
respiratory organs are similar to those caused by diphenylarsenious 
chloride; they are, however, less severe and differ somewhat in 
detail,. corresponding effects requiring higher concentrations of 
ethyldichlorarsine than of the diphenyl-derivative. ‘There is not 
sufficient evidence at present to state whether these differences 
in action could form the basis.of a differential diagnosis between 
the two gases.—(C.C.P. 4713.) 

Symptoms other than the above mentioned respiratory effects 
have been observed after exposure to the gas, and these are 
stated to be located in certain sharply defined areas of skin. 
Numbness of the fingers is caused by continued exposure to low 
concentrations and, in serious cases, paralysis of the nervous 
system, lasting for some time, has been produced.—(C.C.P. 
4713. OL. Report.) 


Action on Man (vesicant)— 

A small drop of the purified liquid placed on a piece e 
flannelette and worn over a. second piece of flannelette 
on the arm for 20 minutes caused immediate irritation 
and severe blistering after 4 hours.—(D.G.S. Report.) 

Actual contact of the liquid with the skin on the back of 
the hand and finger-tips caused blistering on the-hand — 
but not on the fingers. Considerable pain was felt under 
the finger-nails.—(C.L. Report.) 

One drop of a 1 per cent. solution in benzene placed on the 
forearm caused no irritation or skin colouration.— 
(A.G.D. Report.) 

Action on Man (arritant)— 

The following concentrations were obtained by spraying 
solutions of the substance in alcohol. The period of 
exposure in each case was 5 minutes :— 

1 in 50,000,000 (0-000156 mgm. per litre) had no 
irritant effect. 


(see over) 
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1 in 10,000,000 (0+ 00078 mgm. per litre), and 

1 in 5,000,000 produced slight irritation in one case 
only... 

1 in 1,000,000 caused definite nasal irritation and 
sneezing in 3 observers; a fourth, who had not 
been previously exposed, felt no irritant effects.— 
(C.C.P. 4567.) 


The concentrations given below were obtained by vaporising 
the substance by heat; the period of exposure was 3 
minutes :— 

1 in 1,900,000 (0-00411 mgm. per litre) produced slight 
throat irritation. 

1 in 570,000 (0-0137 mgm. per litre) caused severe 
irritation of the throat and chest, increasing in 
intensity after withdrawal from the atmosphere. 
The effects lasted for about 1 hour. 

1 in 690,000 (0-0113 mgm. per litre) produced effects 
similar to those given above, which appeared to be 
cumulative. 

1 in 600,000 (by spraying an alcoholic solution) 
produced immediate symptoms, rather less dis- 
tressing than those caused by a similar concentra- 
tion by evaporation. The after-symptoms were 

~ equal in intensity.—(A.G.D. Report.) 


Action on Animals— | 
The following table shows the toxicity of the substance for 
various animals :— 


(1/2 signifies that one of two animals died.) 





——— 























: Time of 
: : Exposure, | Mon- Rab- | Guinea 
Concentration. rie Dogs. | Cats. bika: Pigs. Rats. 

Minutes. 

1 in 20,000 (0-39 mgm. 30 OM |-ho/r | Ge SOPs 0/2 0/2 

per litre) by heating, | | 
1 in 10,000 by heating, 30 ofr | ofr | o2 | a2 | 32 | oe 
: | | ; 
1 in 10,000 by spraying. 30 0/1 0/1 | 0/2 | 0/2 1/2 0/2 
| | 











(C:C.P. 4567.) 
(Revised to 7/6/18.) 


EXD st. 


ErHyL CHLOROFORMATE. (Ethyl Chlorocarbonate.) Cl.COOC,H;. 


General Properties—Mol. wt., 108-5. Weight of 1 litre of 
vapour — 4:844 grams.’ A volatile liquid with a pungent 
odour. B. Pt., 93°C. The density at 15° C. is 1-14, and the 
vapour pressure at 17° C. is stated to be 33 mm. The substance 
is soluble in alcohol, but is hydrolysed by water. 

Ethyl chloroformate is formed during the interaction of ethyl 
alcohol and phosgene at low temperatures. 


Physiological Properties —The substance is a feeble lachry- 
mator and respiratory irritant. Mice exposed to the vapour in 
high concentrations suffered from lachrymation and dyspnea, 
which increased in severity; prostration and death followed. 
In lower concentrations the effects are similar but much less 
severe.—(U.S.A. Report.) 

Action on Rats— 

Thirty minutes’ exposure to a concentration of 1 in 500 
(9:68 mgm. per litre) did not prove fatal.—_(Golla.) 

Action on Mice— 

The toxic concentration for an exposure of 10 minutes was 
found to be 1 in 3,200 (approw.) (1-5 mgm. per litre).— 
(U.S.A. Report.) : 


(Revised to 23/7/18.) 
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ETHYL CHLOROSULPHONATE. 


General Properties —Mol. wt., 144-5. Weight of 1 litre of 
vapour = 6-450 grams. A colourless liquid, fuming in air. 
B. Pt. at 14 mm., 52°C. The density at 18° C. is 1-263. 

Ethyl chlorosulphonate is soluble in ether and carbon tetra- 
chloride; it reacts with water to give ethyl-sulphuric acid and 
with alcohol to form ethyl chloride and ethyl-sulphuric acid. 

It is prepared by the regulated interaction of ethyl alcohol 
and sulphuryl chloride or by the action of phosphorus penta- 
chloride on a salt of ethyl-sulphuric acid. The liquid has no 
corrosive action on steel. 


Physiological Properties—The substance is a lachrymator 
and weak respiratory irritant. It affects chiefly the upper air- 
passages, the effects on the lungs being very slight.—(french 
Report.) 


Action on Man— 

A concentration of 1 in 1,200,000 (0:00537 mgm. per litre) 
caused slight intermittent pain in the eyes and very 
slight lachrymation after 3 minutes. 

A concentration of 1 in 600,000 (0-01075 mgm. per litre) 
caused more severe pain in the eyes and slight irritation 
of the throat after exposure for 3 minutes. ‘These 
effects passed off rapidly in the open air—(A.G.D. 
Report.) 

A concentration of 1 in 500,000 (0-0129 mgm. per litre) 
was detected after 65 seconds, but further exposure did 

not result in breakdown of the observers.—( Wolf.) 


(Revised to 23/7/18.) 
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ETHYLENE CHLOROTHIOCYANATE. (Ethylene Chlorosulpho- 
cyanide; Chlorethyl Thiocyanate). C,H,.C1.SCN. 


General Properties —Mol. wt., 121-5. Weight of one litre 
of vapour = 5-424 grams. 


Physiological Properties.— Ethylene chlorothiocyanate is 
similar in action to the corresponding methylene compound 
(q.v.), but is much less aggressive in every respect. 

Action on Dogs—. 

The toxic ae ation by inhalation for an exposure of 
30 minutes is 1 in 2,700 (approximately) (2 mgm. per litre). 
By injection, 0- 1-0-2 grams per kilogram weight of 
animal proved fatal_—(french Report.) 


®» (Revised to 23/7/18.) 





EXAAT E: 


ETHYLENE DITHIOCYANATE. (Ethylene Sulphocyanide.) 
C,H,(CNS),. 


General Properties.—Mol. wt., 144. Weight of 1 litre of 
vapour = 6-429 grams. A _ colourless solid, crystallising in 
rhombic plates. M. Pt., 91° C. It is almost insoluble in water, 
but dissolves in chloroform, acetone and hot alcohol. 

Ethylene dithiocyanate is prepared by heating potassium 
thiocyanate with ethylene dibromide in alcoholic solution. 


Physiological Properties—The substance: is a powerful ster- 
nutator and has a considerable irritant action on the respiratory 
organs. Inhalation of the vapour in high concentrations may 
result in immediate death, apparently due to general poisonous 
effect, or may cause serious injury of the lung, which eventually 
proves fatal. The symptoms produced are comparable to those 
observed in cases of poisoning by hydrocyanic acid, and include 
a change in the hemoglobin of the blood. Violent sneezing, 
coughing, pain in the throat and chest, result from exposure to 
the vapour in low concentrations. In more serious cases, 
congestion of the pulmonary parenchyma, destruction of the 
epithelium, and cedema of the lung are produced. 

Experiments with animals have shown that, if the exposure 
does not prove fatal, the tendency is to complete recovery within 
a Short time. The substance has little or no blistering action on 
the -human_ skin.—(Hill. Herring. A.G.D. Report. French 
Reports.) ; 


Action on Man— 6 
The concentrations recorded were obtained by spraying 
solutions of the substance in acetone :— — 
1 in 100,000,000 (0-000064 mgm. per litre) could be 
detected by the unpleasant taste and smell. 
1 in 25,000,000 (0-000257 mgm. per litre) caused 
sneezing, and in one case lachrymation. 
1 in 1,000,000 was tolerable for 3. minutes, but there 
was considerable initial lachrymation, sneezing, 
coughing and pain in the throat. These effects 
passed off quickly in the open air. 
1 in 1,000,000 (by vapourisation) could not be tolerated 
for 3 minutes.—(A.G.D. cee ) 


Action on Dogs— 

The lethal amount for an exposure of 30 minutes is 1 in 
1,600 (approx.) (4 mgm. per litre). By injection, amounts 
from 0-01 to 0-02 grams pet kilogram weight of animal 
proved fatal.—(French Report.) 

Action on Cats— 

A concentration of 1 in 1,600 caused prostration after 20 
minutes’ exposure, but was not fatal. ’ 

A concentration of in 1,300 (approx.) (5 mgm. per litre) 
was fatal in 10 minutes after a similar exposure. 

(see over) 


DAA A: 


Action on Guinea Pigs— 
A concentration of 1 in 1,600 was not fatal after 20 minutes’ 
exposure. | 
Action on Mice— 
Exposure to a concentration of 1 in 1,300 proved fatal.—- 


(Hull.) 
| (Revised to 30/4/18.) 
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ErHvt TopoAceTATE. (Iodoacetic Ester.) CH,I.COOC,H;. 


General Properties—Mol. wt., 214. Weight of 1 litre of 
vapour, = 9-553 grams. A colourless, oily liquid with a pungent 
smell. B. Pt., 180° C. The density at different temperatures is 
given below :— 





Bae. | Dy 

— 6 1-837 
0 1-827 
15 1-802 
30 1-776 


the coefficient of expansion for a range of temperature from 
— 6° to + 30° C. being 0-000953. 
The variation of vapour pressure with rise in temperature 
is as follows :— 
Vapour Pressure 


Jupsros an in mm. 
0 0-05 
10 0:28 
15 0-38 
20 0-54 
30 0-87 


Ethyl iodoacetate is prepared by the action of sodium iodide 
on chloracetic ester in alcoholic solution. The liquid is without 
more than superficial action on cast iron, steel, lead, brass and 


Zinc. 


Physiological Properties.—The substance is a strong lachry- 
matory and respiratory irritant. In high concentrations it 
causes acute hemorrhagic conjunctivitis of such severity that 
permanent effects on the eye, in the shape of corneal opacity, 
may result. The substance may also cause acute septic inflam- 
mation of the whole organ. 

Inhalation of large doses of the compound may lead to death 
from asphyxia owing to inflammation of the air-passages and 
their obstruction by inflammatory products. Inflammation and 
cedema of the larynx have been observed, becoming more marked 
in the trachea, bronchi, bronchioles and alveoli. 

It is possible that the vapour of the substance has a toxic 
effect on the kidneys, since in severe and fatal cases inflammatory 
changes in those organs have been observed. 

The vapours have an irritant action on the skin, and cause 
blistering in sufficient concentration; abrasions of the skin, if 
exposed to the vapours of ethyl iodoacetate, almost invariably 
become septic.—(Shufflebotham.) . 

(see over) 


LX 4. 


Action on Man— 


As regards the lachrymatory power of the substance, a 
concentration of 1 in 10,000,000 (0-000955 mgm. per 
litre), obtained by spraying a petrol solution, caused 
perceptible irritation within 3 minutes; break down due 
to lachrymation occurs within 3 minutes on exposure to 
a concentration of 1 in 2,500,000 (0-00382 mgm. per 
litre). —(A.G.D. Report.) 


‘The following detailed observations, made upon totally 
unprotected subjects, show the average times of detection 
and breakdown for specified concentrations :— ; 











Dicnieation Detection Detection Breakdown | Breakdown 
; Ratio. Time, | .. Ratio. | Time. 

1 in 10,000,000 8/8 57-2 seconds 0/8 | 

1 in 5,000,000 8/8 38-6 seconds 3/8 119-3 seconds 

1 in 2,000,000 16/16 16 seconds 16/16 | 64-3 seconds 

1 in 1,090,000 16/16 | 7 seconds 16/16 | 20-4 seconds 




















—(Wolf.) 


Further experiments were carried out in which 14 observers 
were exposed with the eyes protected. The following 
results were obtained :— 


1 in 500,000 (0-019 mem. per litre)—1 broke down. 
1 in 333,000 (0-028 mgm. per litre)—2 broke down. 
1 in 250,000 (0-038 mgm. per litre)—4 broke ‘down. 
1 in 125,000 (0-076 mgm. per litre)—1 broke down. 
1 in 100,000 (0-095 mgm. per litre)—2 broke down. 
1 in 83,000 (0-115 mgm. per litre)—1 broke down. 
1 in 50,000 (0-19 mgm. per litre)—3.broke down. 


The last three did not actually break down at 1 in 50,000, 
but were conscious of distinct feelings of compression and 
» constriction in the chest. 


With the eyes unprotected, breathing by the nose only, 
the effects were :— 


1 in 2,000,000 (0-0048 mgm. per litre)—5 broke down. 
1 in 1,000,000 (0-0095 mgm. per litre)—4 broke down. 
1 in 500,000 (0-019 mgm. per litre)—5 broke down. 


Action on Rabbits— 


Exposure for 30 minutes ,to a concentration of 1 in 30,000 
caused lung cedema, but was not fatal. Similar exposure 
to 1 in 10,000 produced serious temporary effects, but 
was likewise not fatal, while 1 in 5,000 generally proved 
fatal after the same period of exposure.—(Barcroft.) 


(continued) 


LXXIIT. 1. 


Action on Rats— 
Exposure for | hour to a concentration of 1 in 1,000 caused 
death after 6 hours. 


Graphs showing the relationship between the three forms in 
which concentrations of the vapour may be expressed will be 
found in the Appendix. 


(Revised to 30/6/18.) 





LXXIV. 1. 


ETHYLNITROSO-URETHANE. C,H,0.CO.N(C,H,).NO. 


General Properties—Mol. wt., 146. Weight of 1 litre of 
vapour = 6-571 grams. A yellow liquid which becomes pink 
on standing. It is prepared by the action of nitrous fumes on 
ethyl urethane obtained by the interaction of ethylamine and 
ethyl carbonate; it is soluble in alcohol and decomposes on 
distillation. 


Physiological Properties.—The substance is a weak vesicant 
and lethal agent. For the following data crude material and 
partially purified material were used. 


Action on Man— 
Solutions in alcohol of concentration 0-1, 1, 5 and 10 
per cent. were found to have no blistering effect when 
applied in small amount to the skin of the forearm. 


Action on Cats— 

Exposure for 30 minutes to a nominal concentration of 1 
in 8,000 (0-821 mgm. per litre) caused very slight dis- 
comfort, but otherwise the animals remained normal. 
Similar exposure to a concentration of 1 in 1,000 (6-571 
mgm. per litre) was without effect.—(Cushny.) 


(Revised to 22/7/18.) 
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LYXV 21: 


Eruyt Turocyanatse. (Ethyl sulphocyanide.) C,H,CNS. 


General Properties—Mol. wt., 87. Weight of 1 litre of 
vapour = 3-884 grams. A colourless liquid with a disagreeable 
smell. B.Pt.,142° C. It is insoluble in water. The compound - 
is prepared “by distilling potassium thiocyanate with ethyl iodide. 


Physiological Properties—The substance is a sternutator and, 
to a slight extent, a respiratory irritant. Its action on the 
respiratory organs resembles that of ethylene dithiocyanate, but 
is, in every respect, less severe. Symptoms of poisoning, 
produced either by inhalation of the vapour or by injection of 
the liquid, are similar to those of hydrocyanic acid, and if 
immediate death results it is due to this general poisonous 
effect. In non-fatal cases inhalation causes congestion of the lung 
with slight local hemorrhage. Ethyl thiocyanate is less toxic 
than the corresponding methyl compound; it has no blistering 
action on the human skin.—(french Report.) 


Action on Man— 
Exposure to concentrations from 1 in 50,000,000 (0- 000077 
We per litre) to 1 in 500,000 had no irritant eftect.— 
(Wolf.) 


Action on Dogs— 
Exposure for 30 minutes to a concentration of 1 in 1,900 
(approximately) (2 mgm. per litre), caused death within 
1 hour. 
Injection of 0-1—0-2 grams per kilogram weight of animal 
was fatal after one day.—(Prench Report.) 


(Revised to 23/7/18.) 





LXXVI. 1. 


Hyprocyanic Acip. (Hydrogen Cyanide.) HCN. 


General Properties—Mol. wt., 27. Weight of 1 litre of 
vapour = 1-205 grams. A colourless liquid with a character- 
istic smell of ** bitter: almonds,” BeoPt.; 26-5°° Css My Pts 


—13-8° C. The density at certain temperatures is given in the 
following table :— 
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—(French Report.) 


The coefficient of expansion for a range of temperature from 
0°-15° C. is thus 0-00190. 


The vapour pressure at different temperatures is given 
below :— | 


Vapour Pressure. 
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—(French Report.) 


The refractive index of the substance has the following values 
at the temperatures stated :— 
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—(French Report.) 


Hydrogen cyanide is soluble in all proportions in water, 
alcohol and ether; aqueous solutions of the gas, however, 
undergo change on standing. The gas is combustible. 


(see over) 


UXXVIL 1. 


Hydrocyanic acid is most readily prepared from metallic 
cyanides by the action of dilute acids. 

Physiological Properties —The gas is highly toxic and acts 
as a paralysant. Inhalation of small amounts causes giddiness, 
headache and faintness, confusion, palpitation, and pain in the 
chest and region of the heart, difficulty in breathing and, finally, 
unconsciousness. When inhaled in large doses immediate 
unconsciousness results; death follows owing to failure of the 
heart, and is usually preceded by convulsions. 


Numerous experiments carried out on animals have shown 
that a considerable time elapses after unconsciousness has been 
produced and before death occurs. Removal from the toxic 
atmosphere during this period is always followed by recovery ; 
further, animals which survive exposure to the gas show no 
injurious after-effects. 

It has been found that animals differ greatly in susceptibility 
to this poison, dogs in particular being most strongly affected 
by it.—(C.C.P. 2362: French Report. U.S.A. Report.) 


Action on Man— 
A concentration of 1 in 2,000 (0-6025 mgm. per litre) 
could be breathed for 14 minutes without ill-effect.— 
(Barcroft. C.C.P. 2989.) 


Action on Goats— 


The comparative intervals between unconsciousness and 
death mentioned above are shown in the following 








results :— 
Concentration. U Pena meet Was fatal after 
neonsciousness in 
1 in 1,000 (1-205 mgm. per litre) 1 minute 3 minutes 
1 in 2,000 (0-602 mgm. per litre) 2 minutes 10 minutes 
1 in 3,000 (0-402 mgm. per litre) 6 minutes 16 minutes 
1 in 5,000 (0-241 mgm. per litre) 12 minutes 23 minutes 











1 in 10,000 was found to be harmless after exposure for 
an indefinite period.—(C.C.P. 2362.) 


Action on Pigs— 
Exposure to a concentration of | in 1,000 caused convulsions 
in 2 minutes and death in 6 minutes. 


Action on Dogs— 
Exposure to a concentration of | in 3,000 was fatal within 
3 minutes; 1 in 6,000 was fatal in 15 minutes, and 
1 in 11,000 was fatal within 30 minutes. =, CuPs 
Report.) 
(contenued) 


PXNVA..1. 


The relative toxicity of the gas for various animals is shown 
in the table below :— 





























Time of 
Concentration. pene: Goats. ! roto Dogs. Cats. ae, Rats. 
Minutes. | 
1 in 20,000 (0: 0602 mgm. . 60 — — 0/9 coat ach ealeca 1/2 
per litre) 
1 in 11,000 (0° 109 mgm. 30 — — | 2/2 —- —- — 
per litre) | 
1 in 5,000 30 3/4 1/3 5 — 3/3 0/4 6/6 
1 in 3,000 3 — — | 2/2 0/2 1/2 -.4s U6 
1 in 2,000 10 | — 1,2 — 3/3 4/4 6/6 
1 in 1,000 3 3/4 | 1/2 — 3/3 4/4 12/12 
| 











(C.0.P. 2989.) 


Graphs showing the relationship between the three forms in 
which concentrations of the vapour may be expressed will be 
found in the Appendix. 


(Revised to 24/7/18.) 





LXXVII. 1. 


Hyproruuoric Actp. (Hydrogen Fluoride.) HF or H,F,. 


General Properties—Mol. wt., 20. Weight of 1 litre of 
vapour = 0-893 grams. Anhydrous hydrogen fluoride is a 
colourless mobile liquid, fuming strongly in air, and boiling at 
19-4° C.; when cooled to — 100° C. it solidifies and subsequently 
melts at — 92:5° C. The density of the liquid at 12° C. is 0-98. 
It is easily soluble in water, and in concentrated solution readily 
attacks those metals which form soluble fluorides; its most 
valuable property is that of attacking silicates, with the formation 
of silicon tetrafluoride and hydrofluosilicic acid. 

Hydrogen fluoride is prepared by the action of sulphuric acid 
on calcium fluoride, or, if required anhydrous, by heating 
potassium hydrogen fluoride. . 


Physiological Properties.—The vapours are strongly irritant, . 
but on inhalation have been found to be much less harmful than 
those of phenylarsenic compounds. The substance is not highly 
toxic. 


Action on Rats— 

Exposure for 20 minutes to a concentration of 1 in 1,000 
(0-893 mgm. per litre) was not fatal; similar exposure 
to a concentration of 1 in 500 (1-786 mgm. per litre) 
was fatal only in one of three cases.—(Hill.) 


(Revised to 26/7/18.) 
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LXXVIII. 1. 


HybDRoGEN CxHioripE. (Hydrochloric Acid.) HCl. 


General Properties —Mol. wt., 36:5. Weight of 1 litre of 
gas = 1-636 grams. A colourless gas with a very pungent 
odour. Critical temperature, + 52-3° C., and pressure 86 
atmospheres. The density of the gas relative to air is 1-26. 

It dissolves readily in water; at 15° C. a saturated aqueous 
solution contains 42-9 per cent. hydrogen chloride and has a 
density of 1-212. 


The gas is prepared by heating a chloride with concentrated 
sulphuric acid. 


Physiological Properties.—A respiratory irritant and corrosive 
- agent. 
Action on Man— 

The maximum bearable concentration, for 3 minutes’ 
exposure, is stated to be between 1 in 5,000 (0-326 
mgm. per litre) and 1 in 15,000 (0-109 mgm. per litre). 
—(Makins.) 

Action on Rabbits— 
Exposure to a concentration of 1 in 4,000 (0-407 mgm. 


per litre) for 20 minutes has no eftect.—(Hdkins and 
Tweedy.) : 


(Revised to 30/7/18.) 
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DeXeEX...1. 


HYDROGEN SULPHIDE. (Sulphuretted Hydrogen.) H.NS. 


General Propertzes—Mol. wt., 34. Weight of 1 litre of 
gas = 1-518 grams. It is a colourless, combustible gas, 
forming explosive mixtures with air, and possessing a charac- 
teristic and unpleasant smell. The density, relative to air, is 
1-18. At ordinary temperatures water dissolves between three 
and four times its volume of the gas. Liquid hydrogen sulphide 
boils at — 61-8° C. and has a density of 0-9; at lower tempera- 
tures it solidifies to a white, crystalline mass. The following 
table gives the pressures generated by liquid sulphuretted 
hydrogen in an ordinary gas cylinder; it, therefore, represents 
the approximate vapour pressures at different temperatures :— 


Pressure in 
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Hydrogen sulphide is readily obtained by the action of acids 
upon most metallic sulphides, at laboratory temperature. 


Physiological Properties —The gas acts chiefly as a local 
irritant to the eyes and nose, but has, in addition, a marked 
paralysant effect on the central nervous system and heart. 


Inhalation of large quantities causes cyanosis and dilation 
of the pupils. Loss of consciousness; frothing at the mouth . 
and rigidity of the muscles may follow, and in some cases septic 
pneumonia has resulted. In mild cases of poisoning, there is 
severe and painful irritation of the eyes, but no great respiratory 
trouble; muscular wéakness and irregularity in the action of 
the heart are also produced.—(Shufflebotham.) 


Action on Man— 


Exposure to a concentration of 1 in 10,000 (0-152 mgm. 

per litre) causes irritation of the eyes, which may be 

followed by conjunctivitis and may have a delayed 

effect on the lungs. 

in 2,000 (0-759 mgm. per litre) can be endured for a 

considerable time, but the effects of such exposure may 

persist for some time afterwards. Headache, stupefaction, 

irritation of the eyes and throat, and muscular weakness 

are produced. 

1 in 1,000 gauses rapid loss of consciousness, but is seldom 
fatal in less than | hour. 

1 in 500 causes immediate loss of consciousness and death 
in 2-3 minutes.—(Shufflebotham.) 


— 


(see over) 


LAX. 


Action on Cats— 

Exposure for 30 minutes to a concentration of 1 in 1,300 
(1-167 mgm. per litre) produced salivation, but had no 
other irritant effect. 

A concentration of 1 in 1,000 produced sneezing, salivation 
and nervous symptoms after 40 minutes’ exposure. ‘The 
animal recovered completely in 24 hours. 

Exposure for 10 minutes to a concentration of 1 in 850 
(1-786 mgm. per litre) produced convulsions, followed by 
coma and slow respiration. After 24 hours purulent 
conjunctivitis developed. The animal recovered within 
a week.—(Cushny.) | 

A concentration of 1 in 650 (2-335 mgm. per litre) caused 
violent convulsions and death after 5 minutes. 


(Revised to 27/7/18.) 


LXXX. 1. 


ToDOACETALDEHYDE. CH,I.CHO. 


General Properties—Mol. wt., 170. Weight of 1 litre of 
vapour = 7-589 grams. A clear, heavy, oily liquid, which 
darkens rapidly on exposure to light. It decomposes on heating 
at 80° C.; its density at 20° C. is 2-14. 

Idodoacetaldehyde is prepared by the interaction of acetal- 
dehyde, iodine and hydriodic acid. 


Physiological Properties —The substance acts as a lachry- 
mator, but is less powerful in this respect than ethyl 1odoacetate. 


Action on Man— . 

Exposure to a concentration of 1 in 1,000,000 (0-00759 mgm. 
per litre) caused detectable eye-irritation within 3 minutes; 
lachrymatory breakdown was produced in the same 
length of time by exposure to concentrations higher than 
1 in 500,000.—(A.G.D. Report.) 


(Revised to 27/7/18.) 
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LXXXI. 1. 


Iopoacetic Acip. CH,I.COOH. 


General Properties—Mol. wt., 186. Weight of 1 litre of 
vapour = 8-304 grams. A colourless solid, which crystallises 
in needles, melting at 84° C., but which decomposes on being 
heated to higher temperatures. It is readily soluble in alcohol. 

Todoacetic acid is obtained by the action of potassium iodide 
on chloracetic acid. 


Physiological Properties——The substance is a feeble lung 
irritant and has a very slight blistering action on the human 
skin. The concentrations mentioned below were obtained by 
spraying a solution of the substance in alcohol. 


Action on Man— 

A concentration of 1 in 100,000 (0-083 mgm. per litre) was 
hardly perceptible. 

The solid substance, when rubbed on the skin, produced 
only a mild blistering effect.—(C.C.P. 3147. ) 

Action on Animals— 

Cats, rabbits, guinea pigs and rats were exposed for 
30 minutes to a concentration gf 1 in 5,000 (1-66 mgm. 
per litre), but in no case was any symptom of illness 
apparent. Pathological examination showed varying 
degrees of lung irritation; one rabbit alone had marked 
cedema of the lung. 


(Revised to 27/7/18.) 
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IopoacEToNnE. (Iododimethyl Ketone.) CH,I.CO.CHs. 


General Properties—Mol. wt., 184. Weight of 1 litre of 
vapour = 8-214 grams. A yellow oil, fuming in air. B. Pt., 
58° C. at a pressure of 11 mm., and 101-5° C. at atmospheric 
pressure.—(F'rench Report.) . 

The density-at the temperatures specified is stated to be :— 
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and the coefficient of expansion for a range of temperature 

from 0°-30° is, therefore, 0-00101.—(French Report.) 
Todoacetone is prepared by the action of potassium iodide on 

chloracetone. | 


Physiological Properties —The substance is a lachrymator and 
respiratory irritant, its action being particularly intense upon the 
upper parts of the respiratory tract. It is much less toxic than 
chloropicrin or phosgene. Animals vary greatly in susceptibility 
to its effects, goats succumbing readily, while guinea pigs are 
curiously resistant.—(C.C.P. 4499.) 

In experiments on animals the material was used both in the 
crude state and after purification. The results are tabulated 
below :— 

(1/2 signifies that one of two animals died.) 

The concentrations were obtained in every case by spraying 

the liquid. 









































| Se | Ces yeas i) hae | | = | 
| Time of | | 
s | ap as BPE: | Goat. | Mon- | Dog. | Cat. noe SKS Rat. 
_ Minutes. ney 
A | 1 in 5,000 30 2/2 1/1 2/2 2/21 1/2 1/2 2/2 
Crude (1-641 mgm. | 
material} per litre) 
1 in 10,000 30 2/2 0/1 2/2 2/2 1/2 0/2 2/2 
(0-821 mgm. ‘ 
per litre). 
B 1 in 5,000 30 2/2 0/1 2/2 2/2 | 2/2 2/2 2/2 
Pure : 
material 
1 in 11,800 30 2/2 0/1 1/2 1/2 4 0/2 0/2 1/2 
(0-696 mgm. 
per litre) 
(C.C.P. 4499.) 


(Revised to 29/7/18.) 
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IoDOMETHYL CyANniIDE. (Iodo-acetonitrile ; cyano-iodo-methane.) 
CH,.ICN. 


General Properties —Mol. wt., 167. Weight of 1 litre of 
vapour = 7-455 grams. A colourless, heavy oil, with a powerful 
smell. B. Pt., 186-187° C. It is insoluble in water, but readily 
soluble in alcohol and ether. The liquid is volatile in steam, 
but is hydrolysed slowly in contact with water. 

Iodomethyl cyanide is prepared by the action of sodium 
cyanide on chloracetonitrile in alcoholic solution. 


Physiological Properties—The substance is a lachrymator 
and respiratory irritant; it has a definite blistering action on 
the skin, but is a much less powerful agent in this respect than 
dichloroethyl sulphide. Inhalation of the vapour may prove 
fatal by reason of lung injury, but the compound is not highly 
toxic. 


Action on Horses— | 
A concentration of 1 in 200 (37:27 mgm. per litre) was 
found to cause blistering. The pure substance produced 
effects similar to those of dichloroethyl sulphide, but 
much less marked. 


Action on Dogs— 

Exposure to a concentration of 1 in 7,500 (approximately 
1 mgm. per litre) was not fatal. | 

A concentration of 1 in 3,700 (approximately 2 mgm. per 
litre) caused death 2 days after exposure (the time of 
which is not stated), considerable lesions of the respirat- 
ory tract being observed. 

On injection, 0- 05 gram per kg. weight of animal was 
found to be fatal. The symptoms produced were not 
those of hydrocyanic acid poisoning.—(french Report.) 


(Revised to 29/7/18.) 
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EX XXIV 1. 


MercaptTans. RSH. (R = alkyl group.) 
Methyl mercaptan. CH,SH. 


Mol. wt., 48. Weight of 1 litre of vapour = 2-143 grams. 
B, Pt., + 6° C. 
Ethyl mercaptan. C,H,SH. 


Mol. wt., 62. Weight of 1 litre of vapour 
B. Pt., 36° C. Density at 20° C., 0-829. 


General Properties —TLhe substances are volatile, colourless 
liquids, little soluble in-water, but more so in alcohol and ether. 
As ordinarily prepared, they have a particularly disgusting 
odour. 

They are obtained by the interaction of potassium hydro- 
sulphide and an alkyl iodide in alcoholic ‘solution, or by the 
distillation of the corresponding alkylsulphuric acid salt with 
potassium hydrosulphide. 


Physiological Properties.—Inhalation of the vapour of these 
compounds causes no serious poisoning effects, although nausea 
may be produced.—(Golla.) The odour is not so marked with 
high concentrations, but is most objectionable when the substances 
are present in small quantity; it adheres to clothing, &c., for 
- long periods. 


! 


2-768 grams. 





(Revised to 1/8/18.) 
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EX XX. f. 


Merouric ALKYL-CompouNDs. Hg(R),. 


General Properties——The substances are colourless liquids 
having a faint, characterictic smell. .They are insoluble in 
water, but are not decomposed by it, are slightly soluble in 
alcohol and ether, and, on heating, are readily inflammable. 

They are prepared by the action (1) of sodium amalgam on 
alkyl iodides in the presence of a little ethyl acetate, (2) of zine 
alkyls on mercuric chloride, or (3) of the Grignard reagent on 
mercuric chloride. 


Physiological Properties.—Inhalation of the vapours of these 
compounds has slowly poisonous effects, but long continued 
exposure is necessary before serious results are produced.— 
(Barcroft.) 

Wide-spread degeneration of the central nervous system is 
found in serious cases of poisoning. 

Details of physiological experiments with the methide and 
ethide are given below. 


Mercuric Meruipe. (Mercury Dimethyl.) Hg(CHs)p. 


Mol. wt., 230. Weight of 1 litre of vapour = 10-268 grams. 
B. Pt. 95°C. 5 “density = 3-069. 
Action on Cats— | 
Exposure for 23 minutes to a concentration of I in 1,000 
(10-27 mgm. per litre) produced slight local irritation, 
lachrymation and sneezing. ‘The animal, however, was 
normal when released and remained so for three days. 


Mercuric Eruipr. (Mercury Diethyl.) Hg(C,H;)>. 


Mol. wt., 258. Weight of 1 litre of vapour = 11-518 grams. 
B. Pt., 158-160° C.; density = 2-444. 
Action on Mice— 

The toxic concentration for an exposure of 10 minutes was 
found to be above 1 in 4,600 (2-5 mgm. per litre). No 
marked symptoms of irritation were produced by 
exposure to high concentrations.—(U.S.A. Report.) 


(Revised to 30/7/18.) 
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LXXXVI. 1. 


Mercuric CHLoRIDE. (Corrosive Sublimate.) HgCl,. 


General Properties.—Mol. wt., 271-5. Weight of 1 litre of 
vapour = 12-12 grams. A white solid, sp. gr. 5-40, crystall- 
ising in rhombic prisms, melting at 265° C.; liquid mercuric 
chloride boils at 307° C. and has a density of 5-4. The substance 
is soluble in water, alcohol and ether; at ordinary temperature 
it dissolves in 15 times, and at 100° C. in twice, its weight of 
water. 

Mercurie chloride is obtained by heating together mercuric 
sulphate and sodium chloride. 


Physiological Properties—The substance when taken by the 
mouth is a powerful corrosive and irritant poison. Experiments 
were carried out to determine its effects when vaporised by heat. 
It was found to be of a high order of toxicity; inhalation of the 
volatilised substance caused severe irritation ‘of the respiratory 
organs, and, in sufficient doses, death resulted from cedema of 
the lung. ies 


Action on Man— 

Concentrations of 1 in 50,000,000 (0:00024 mgm. per litre 
and 1 in 20,000,000 (0:00060 mgm. per litre) caused no 
perceptible irritation with 5 minutes’ exposure. 

Action on Animals— 

The toxicity of the substance for various animals is 

tabulated below :— 


(1/2 signifies that 1 of 2 animals died.) 





























Time of 
Concentration. PrP oeyee: Monkey. | Dog. | Cat. | Rabbit. ea Rat. 
Minutes. 
1 in 40,000 B08 oe O1t O/T 1 O12 1° 0/2 0/2 0/2 
(0-303 mgm.per litre) | 
1 in 20,000 30 1/1 Hea 2 02 Ie 0/2 
(0-606 mgm.per litre) | | 
lin 10,000 | Boo wees al il | 2/2 | o2 1/2 1/2 
(1-212 mgm.per litre) | 














(C.C.P. 4599.) 


The majority of the deaths occurred within 3 or 4 hours 
of the exposure; many of the animals surviving these trials 
were found, on post-mortem examination, to be substantial 
casualties. 


(Revised to 29/7/18.) 





LXXXVITI. 1. 


MeraynLarRsentous Bromipse. (Methyldibromarsine.) 
CH,AsBr,. | 


-Generat Properties —Mol. wt., 250. Weight of 1 litre of 
vapour = 11-160 grams. A liquid—B. Pt., 181° C.—sparingly 
soluble in water, but more soluble in alcohol, ether, petroleum 
ether and benzene. When vaporised by heat it inflames 
spontaneously. 

Methylarsenious bromide may be prepared by the action of 
hydrobromic acid on methylarsenious oxide. 


Physiological Properties —The substance is a weak lachry- 
mator and respiratory irritant, and has no blistering action on 
the human skin.—(A.G.D. Report.) 


Action on Man— 

The concentrations given below were cbtained by spraying 
a solution of the substance in petroleum ether, the 
period of exposure being 3 minutes. 

I in 5,000,000 (0-0022 mgm. per litre) was easily detected 
by smell and produced a slight effect on the eyes. 

1 in 1,000,000 (0-011 mgm. per litre) caused sneezing, 
irritation of the nose, and, to some extent, of the eyes. 
These symptoms increased in intensity on withdrawal 
from the atmosphere, and were accompanied by a general 
feeling of lassitude. 

1 in 250,000 (0:0446 mgm. per litre) had a slight effect 
during the actual exposure, but, after withdrawal, pain 

in the forehead was very marked, and, in one case, 
giddiness, lasting for some time, was produced. 

A concentration of 1 in 500,000 (0:0223 mgm. per litre), 
obtained by cautious dispersal by heat, had effects 
similar to those resulting from 1 in 250,000 by spraying. 

Solutions of the substance in benzene, of concentrations 
1 in 250 and 1 in 100, were found to have no blistering 
effect when one drop was placed on the skin of the 
forearm.—(A.G.D. Report.) 


(Revised to 30/7/18.) 





LXXXVITTI. 1. 


METHYLARSENIOUS CHLORIDE. (Methyldichlorarsine.) CH,AsCl,. 


General Properties —Mol. wt., 161. Weight of 1 litre of 
vapour = 7-187 grams. A colourless liquid, with a faint smell; 
B. Pt., 133° C., and density 1-86. It is only slightly soluble in 
water, and is not decomposed by it; it dissolves more readily in 
petroleum ether. The vapour of the substance is inflammable. 

Methylarsenious chloride is prepared by the decomposition 
of cacodyl trichloride [(CH,),AsCl,;] even at low temperatures 
(40-50° C.), or, preterably, by the action of hydrogen chloride 
on methylarsenious oxide. 


Physvological Properties —The substance is stated to be more 
highly toxic than cacodyl chloride; inhalation of its vapour 
results in severe irritation of the mucous membrane, pain in the 
throat and head, and, in some cases, swelling of the face. In 
addition, it acts as a sternutator, and is said to have definite 
skin irritant effects.—(french Reports.) 


Action on Man— 

In the tests recorded below, the concentrations were 
obtained in (a) by vaporising by heat, and in (b) by 
spraying solutions of the substance in petroleum ether; 
the period of exposure in each case was 3 minutes :— 


(a) 1 in 9,000,000 (0:000798 mgm. per litre) was scarcely 
perceptible. 

1 in 980,000 (0-00733 mgm. per litre) caused irritation 
of the nose, fulness of the head, and nasal catarrh. 
In one case, sneezing was induced. 

1 in 500,000 (0-0144 mgm. per litre) produced sneezing, 
irritation of the nostrils, and a very slight effect 
on the eyes. One observer felt pain in the throat. 

1 in 250,000 (0-0287 mgm. per litre) produced effects 


similar to the above but more intense. The 


symptoms developed more slowly than those caused 
by diphenylchlorarsine; the most notable was the 
feeling of fulness in the head.—(A.G.D. Report.) 
(b) 1 in 5,000,000 (0-00144 mgm. per litre) caused pain in 
the nose, which increased on leaving the atmosphere. 

1 in 1,000,000 (0-007187 mgm. per litre) had a similar 
effect; some sneezing was observed. 

1 in 250,000 produced pain in the nose and sneezing 
during exposure; after withdrawal intense pain in 
the nose and throat developed, with dizziness and 
general malaise.—(A.G.D. Report.) 

(Revised to 30/7/18.) 
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LXXXIX. 1. 


METHYLARSENIOUS CYANIDE. (Methyldicyano-arsine.) 
CH,As(CN),. 


General Properties.—Mol. wt., 142. Weight of 1 litre of 
vapour = 6-339 grams. The substance is readily inflammable. 


Physiological Properties —A feeble respiratory irritant. 


Action on Man— 
The following concentrations were obtained by vaporisa- 
tion by heat; the period of exposure was in each case 
5 minutes :— 
1 in 10,000,000 (0-0006 mgm. per litre) and 
1 in 2,000,000 (0:00316 mgm. per litre) had no irritant 
effect, although the presence of the substance could 
be detected by its odour. 
1 in 1,000,000 produced very slight nasal irritation.— 
(A.G.D. Report.) 


(Revised to 30/7/18.) 











xe. 1. 


METHYLARSENIOUS JoprpE. | (Methyldiiodoarsine.) CH,AsI,. 


General Properties—Mol. wt., 344. Weight of 1 litre ol 
vapour =.15-357 grams. A solid, crystallising in yellow lustrous 
needles. M. Pt., 25°C. Itis sparingly soluble in water, but more 
soluble in alcohol, ether and carbon disulphide; when heated 
above 200° C. it rapidly volatilises without decomposition. 

Methylarsenious iodide is prepared by the action of hydriodic 
acid on methylarsenious oxide in alcoholic solution. 


Physiological Properties —The substance is a feeble lachry- 
mator and irritant. 


Action on Man— 
The concentrations mentioned below were obtained by 
vaporising the substance by heat :— 


1 in 100,000,000 (0-000153 mgm. per litre) was not 
detectable —(A.G.D. Report.) 

1 in 20,000,000 (0: 000767 mgm. per litre) was detected 
after 3 minutes by slight salivation being produced. 
—(Wolf.) 3 

1 in 10,000,000 caused very faint. irritation of the eyes 
and nose. 

‘1 in 1,000,000 produced more marked irritant effects 
after 5 minutes’ exposure, but caused no serious 
discomfort; no . after-effects were observed. — 


(A.G.D. Report.) 
(Revised to 1/8/18.) 
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XCI. 1. 


METHYLARSENIOUS OxIDE. CH,As:0. 


General Properties —Mol. wt., 106. Weight of 1 litre of 
vapour = 4-732 grams. A white crystalline solid, with a 
disagreeable odour. M. Pt., 95° C. The substance is soluble in 
alcohol and carbon disulphide; it is slightly volatile in steam or 
alcohol vapour, but decomposes on heating. It is easily inflam- 
mable. 

Methylarsenious oxide is prepared by the action of potassium 
carbonate on the corresponding methylarsenious chloride. 

Physiological Properties.—The substance is a feeble respiratory 
irritant. 

Action on Man— 

Exposure for 5 minutes to concentrations of 1 in 10,000,000 
(0-00047 mgm. per litre), 1 in 2,000,000 (0-00236 
mgm. per litre), and 1 in 1,000,000 had no irritant 
effect.—(A.G.D. Report.) 


(Revised to 30/7/18.) 





XCIT.. 1. 


METHYL-BENZYL CyaAnipE.  (Tolylacetonitrile.) 
eH,.C, 1, CH,-CN. 


General Properties—Mol. wt., 131. Weight of 1 litre of 
vapour = 5:848 grams. 


o-Methyl-benzyl cyanide. B. Pt. 244° C. 
m-Methyl-benzyl cyanide. B. Pt., 241° C. 
p-Methyl-benzyl cyanide. B. Pt., 243° C. 


The following data refer to a mixture of the three isomers 
obtained by the chlorination of xylene, separation of the mixture 
of mono-w-chlorxylenes and subsequent treatment of this with 
sodium cyanide. 


Physiological Properties —The vapour of the substance in 
high concentrations had a considerable effect on the eyes; much 
discomfort was produced during exposure, and several animals 
collapsed on being removed from the atmosphere. Recovery, 
however, was rapid, although in some cases death resulted later 
from pneumonia. Methyl-benzyl cyanide is not highly toxic. 


Action on Animals— 
A table showing the toxicity of the substance for different 
animals is given below :— 


(1/2 signifies that 1 of 2 animals died within 24 hours.) 








Time of 
Concentration. Exposure Cats. Guinea Pigs. Rats. 
in Minutes. 
Lain h A701, 90 0/2 aa pee 
(5 mgm. per litre) 
1 in 835 | 20 0/2 Bs as 
(7 mgm. per litre) 1/2 
| (after 6 days) 
1 in 680 20 2/2 ; 0/3 0/3 
(8:6 mgm. per litre) 0/3 0/3 
| (after 6 days) | (after 6 days) 

















—(Hill.) 
(Revised to 5/9/18.) 
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XCIIE: 1. 


METHYL CHLOROSULPHONATE. SO ya 


ce 


General Properties —Mol. wt.,.130:5. Weight of 1 litre of 
vapour = 5-826 grams. A colourless liquid with a suffocating 
odours. — 8, Pi 132°C. 

Methyl chlorosulphonate is prepared by the interaction of 
methyl alcohol and sulphuryl chloride. 


Physiological Properties.—The substance acts as a lachrymator 
and asphyxiant, and is toxic to a moderate degree.—(lrench 
Report.) 

Action on Man— 

Exposure to a concentration of 1 in 500,000 (0-0116 mgm. 
per litre) causes free ee and irritation of the 
air-passages. 


Action on Dogs— 

Exposure for 30 minutes to a concentration of 1 in 6,000 
(0-971 mgm. per litre) resulted in death two days 
later; a concentration of,1 in 1,500 (3-88 mgm. per 
litre), after similar exposure, caused death within 12 hours. 
(French Report.) 


Action on Cats— 

A concentration of 1 in 5,000 (1-165 mgms. per litre) 
caused lachrymation and salivation after exposure for 
20 minutes. The animal recovered after release and 
subsequently remained normal. 

Exposure for 1 hour to the same concentration was not 
fatal, although bronchitis resulted. 

One hour’s exposure to a concentration of 1 in 2,500 
(2-330 mgms. per litre) was followed by death 4 days 
later, and exposure for the same time to a concentration 
of 1 in 1,000 (5-826 mgms. per litre) caused death from 
oedema of the lung in about 12 hours. 


(Revised to 30/7/18.) 





XCIV= 3; 


Meruyt Isocyantpe. (Methylearbylamine. Isoacetonitrile.) 
CH,NC. 


General Properties—Mol. wt., 41. Weight of 1 litre of 
vapour = 1-830 grams. A colourless liquid, boiling at 59° C., 
with a penetrating and disagreeable odour. The density at 
0° C. is 0:7557. It is slightly soluble in water; more soluble 
in alcohol. At low temperatures it solidifies. M. Pt., — 45°C. 

Methyl isocyanide is prepared by the interaction of chloro- 
form, methylamine and alcoholic caustic potash. 


Physvological -Properties—The vapour of the substance is 
extremely nauseating, but is not highly toxic. 
Action on Man— 

A concentration of 1 in 10,000,000 (0-00018 mgm. per 
litre) could probably be detected by smell. In higher 
concentrations, the smell is less pronounced, but inhala- 
tion produces a feeling of constriction at the back of the 
throat. 3 

Action on Cats— 

Exposure for 1 hour to a concentration of. 1 in 1,000 
(1-83 mgm. per litre) had no effect; similar exposure 
to 1 in 500 produced drowsiness, but was harmless. 

In a concentration of 1 in 250 (7-32 mgm. per litre) the 


animal became comatose in 30 minutes and died at the 
end of an hour. 


(Revised to 1/8/18.) 


tists ay t es Boj be 
oe oe oe “a, 3 4 
eel hs ef 

AR MSAr es 


Pe o> DE 8 i 


- ote aol tS of ii se Ps aches 
7 wy : 


cc PEAT = #2) a7 4 teak sy . aL 43%? ee ht 


abet me ie irs: LF Ppae. F 


7 ; 
3 pent 


? 


cag 





XCM, ¥. 


Metruyt Tevturme. (CH,),Te. 


General Properties —Mol. wt., 157-5. Weight of 1 litre of 
vapour — 7-031 grams. A heavy, yellow oil with a disagreeable 
edour.2- Bo Pt; 82°C. 

It is prepared by distilling barium methylsulphate with 
potassium telluride or by the action of methyliodide on a salt 
of methyl-telluric acid. 


Physiological Properties—The vapour of ‘the substance is 
extremely nauseating, especially in low concentrations, but 
inhalation does not produce any serious poisoning effects.— 
(Cushny. U.S.A. Report.) 

Action on Cats— 

A concentration of 1 in 10,000 (0-703 mgm. per litre) caused 
discomfort and salivation during an exposure of 20 
minutes. After exposure, the animal appeared normal 
and remained so.—(Cushny.) 

Note.—The corresponding selenium alkyl-compounds 
are equally objectionable as regards smell, and are also 
devoid of toxic properties.—(Hopkins.) 


(Revised to 1/8/18.) 





ACVE |. 


Meruyi Turocyanate. (Methyl Sulphocyanide.) CH,.SCN. 


General Properties—Mol. wt., 73. Weight of 1 litre of 
vapour = 3-259 grams. A colourless liquid with a penetrating 
smell. B. Pt., 183° C. The density at 0° C. is 1-080, and at 
15° C., 1-076. It is very slightly soluble in water, but dissolves 
readily in most organic solvents. On heating at a temperature - 
of 180-185° the liquid is converted into the isomeric isothio- 
cyanate. 

Methyl thiocyanate is prepared by the action of potassium 
thiocyanate on methyl iodide in alcoholic solution. 


Physiological Properties.—The substance possesses a most dis- 
agreeable smell, but inhalation of the vapour has no definite 
irritant effects; the liquid is without vesicating properties.— 
(Wolf. French Report.) 

Action on Man— 

Concentrations from 1 in 100,000,000 (0-000032 mgm. per 
litre) to 1 in 500,000 (0-00651 mgm. per litre) could be 
detected by no observer.—( Wolf.) 


(Revised to 3/8/18.) 





XCVII. 1. 


MONOCHLORACETONITRILE. (Monochlormethyl cyanide; 
Chloracetonitrile.) CH,CICN. 


General Properties—Mol. wt., 75:5. Weight of 1 litre of 
vapour = 3-370 grams. A colourless liquid, fuming in air; 
B. Pt., 124° C.; the density at 20° C. is 1-193. 

Chloracetonitrile is prepared by heating chloracetamide with 
phosphorus pentoxide. 


Physwological Properties —The substance is a feeble lachry- 
mator and respiratory irritant, and has slight general poisonous 
properties. 

Action on Man— 

A concentration of 1 in 150,000 (0-0224 mgm. per litre) 
had no lachrymatory effect. 

Action on Rats— 

Exposure to a concentration of 1 in 7,000 (0-481 mgm. per 
litre) for 10 minutes caused slight irregularity in 
breathing, but no other symptoms were observed.— 
(Hopkins. Hardy.) 

Action on Mice— 

The toxic concentration for an exposure of 10 minutes was 
found to be greater than 1 in 1,000 (3-370 mgm. per 
litre). : 

Exposure to high concentrations caused severe dyspnoea and 
exophthalmia.—(U.S.A. Report.) 


(Revised to 2/8/18.) 
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XOVIII. ‘1. 


NickEL CARBONYL. Ni(CO),. 


General Properties —Mol. wt., 170-7. Weight of 1 litre of 
vapour = 7-620 grams. A colourless, highly refractive liquid, 
boiling at 43° C.; its density at 17° C. is 1-3185. It solidifies 
at — 25°C. to a mass of needle-shaped crystals, and undergoes 
slight dissociation at ordinary temperatures in moist air; the 
vapour pressures at various temperatures are as below :— 





dhe Oe Vapour Pressure 
0 im mm. 
2°05 - - AN aha - - 133-1 
7:56 - - Regt is - - 170-5 
We ee Oe iene ae 
20:20 - . - - ~ ~ 294°3 
24-26 - - - - - - 949-7 
202 > - - - - - 444-2 
34:29 - - - - - - 532-6 


—(U.S.A. Report.) 


On heating to 60° C. decomposition takes place with explosive 
violence; the substance burns with a characteristic sooty flame. 
The liquid is soluble in alcohol, chloroform, and benzene, and is 
unacted upon by alkalies and dilute acids. 

Nickel carbonyl is obtained by passing carbon monoxide 
over finely divided nickel at 25-30° C. 


Physiological Properties Nickel carbonyl vapour is not 
very irritating, and has only a faint, sooty smell. It is a 
pulmonary irritant and lethal agent, though not of a high order 
of toxicity ; its poisoning action is due either to nickel carbonyl 
itself or to the metallic element; carbon monoxide poisoning 
does not account for any fatal results—(Armit.) Inhalation 
of the vapour produces pulmonary lesions, congestion, and 
damage to the capillaries leading to intense cedema; fatal cases 
with no definite changes in the lungs were probably due to the 
general toxic action of low concentrations of the substance in 
the blood, since no lesions were found in any other organs. 
Nickel carbonyl has a specific destructive action on blood-vessels. 


SLOOP, 5432) 


The lethal dose for man has not yet been determined. 


Action on Animals— 

In the following table the concentrations were obtained 
by spraying, the chambers being recharged every 15 
minutes, in view of the rapid decomposition of nickel 
carbonyl. The animals were kept under observation for 


(see over) 


XCVIII. 1. 


ay 


10 days, for with this substance death occurs later than 
with most lung irritants :— 


(1/2 signifies that one of two animals died.) 





















































Time of 
Concentrations. i ina Goat. ene Dog. | Cat. ele i “on Rat. 
Minutes. | 
- 1 in 100,000 360 0/2 |- 0/2" 0/2") ofa | ofa | Bfa 1 > aya 

(0-08 mgm. per litre) 

1 in 10,000 180 APA Tt TDM DVIS NR eat ea rd, Aaealeerath 
(0°76 mgm. per litre) 

1 in 10,000 60s) 82} ee tee) ) are aan are 
(0-76 mgm. per litre) 

v 

1 in 10,000 30 O/2 | O/2.| 0/2 | o/2 | 1/2"). 1/4 | 4a 
(0-76 mgm. per litre) | | 

1 in 5,000 30 O/9"| Of2.| O/2 |. 0/2 |e. ala | a4 
(1:5 mgm. per litre) | | | 

1 in 5,000 15.) Saye) ore aja | Sia eee 4/4 
(1:5 mgm. per litre) | 

1 in 2,000 15 1/2 0/2 2/2 0/2 1/2 4/4 4/4 
(3-8 mgm. per litre) 

1 in 1,000 30 Bi2 1. D127) BIO) Bio “I OIRN aan ole 
(7-6 mgm. per litre) | | } 

(C.C.P. 5429.) 


Action on Rabbits— 

Intravenous injection of 5 c.c. of a 24 per cent. suspension 
in alcohol and distilled water proved fatal to a rabbit 
in 4 hours, violent dyspnoea preceding death. 

Subcutaneous injection of 10 c.c. of the above suspension 
caused death in 24 hours. Post-mortem examination of 
the first case showed much cedema, and the lung 
capillaries were damaged, apparently by the local toxic 
action, during excretion, of particles of nickel carbonyl. 
In the second case there were no important changes in 
the lungs, but cedema and great disorganisation of the 
blood-vessels were present at the site of moculation.— 


(C.C.P. 5432.) 


Note.—The corresponding iron compound—Fe(CO),——-has a 
similar physiological action, but is less poisonous. 


(Revised to 16/8/18.) 


XCLX.. 1. 


Nicotine. (a-Pyridyl-$-tetrahydro-p-methylpyrrol.) C,H ,,No. 


General Properties—Mol. wt., 162. Weight of 1 litre of 
vapour = 7-232 grams. A yellow viscous liquid with a dis- 
agreeable smell and a burning taste. B. Pt., 247° C. The 
density at 20° C. is 1- 00924, and rotation at the same temperature 
is [alp = — 169-22°. It is readily soluble in water, alcohol 
and ether, and is obtained from natural sources, viz., the leaves 
of Nicotiana tabacum. 


Physiological Properties —The substance acts as an irritant 
_and poison, its toxicity being slightly lower than that of hydro- 
cyanic acid. Quantities insufficient to cause death induce 
irritation of the eyes, salivation, nausea and vomiting. 


Action on Man— 

In the following wae the concentration was obtained 
by spraying the liquid in ether. 1 in 1,000 (7-232 
mem. per litre) produced irritation of the eyes, nose and 
throat, and in one case immediate coughing. (The 
time of exposure is not stated, probably 3 or 5 minutes.) 

—(A.G.D. Report.) 


Action on Cats— 

Exposure for 20 minutes to a concentration of 1 in 6,000 
(1-205 mgm. per litre), obtained by spraying the liquid, 
caused irritation of the eyes, salivation, slight twitching 
and vomiting; the animals, however, soon became 
normal. 

Similar exposure to a concentration of 1 in 3,000 (2-41 
mgm. per litre) produced the same effects more marked 
in intensity, but likewise without fatal results. 

A concentration of 1 in 1,700 (4-254 mgms. per litre) 
caused irritation of the eyes, salivation, vomiting and 
death, preceded by convulsions, in 10 minutes.—(Cushny.) 


(Revised to 8/8/18.) 





p-NITROBENZYL Bromipe. NO,.C,H,.CH,.Br. 


General Properties—Mol. wt., 216. Weight of 1 litre of 
vapour = 9-643 grams. A solid, dissolving in alcohol and 
benzene. It may be prepared by the bromination of p-nitro- 
toluene or by nitration of benzyl bromide. 


Physiological Properties—The vapour of the substance is 
strongly lachrymatory, but no other aggressive action has been 
observed. 


Action on Man— : 

A concentration of 1 in 10,000,000: (0-000964 mgm. per 
litre) was perceptible by its effect on the eyes, but was 
not seriously incommoding. 

A concentration of 1 in 1,000,000 caused severe pain in 
the eyes and lachrymation after 1 minute. On with- 
drawal from the atmosphere after exposure for 3 minutes 
the pain in the eyes returned and persisted for 1—2 hours. 
This concentration, however, was not completely incapa- 
citating.—(Cushny.) 


(Revised to 8/8/18.) 
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Chel. 


NITRO-BENZYL CHLoripges. NO,.C,H,.CH,CL. 


General Properties —Mol. wt., 171-5. Weight of 1 litre of 
vapour = 7-656 grams. The o-, m- and p-isomers are crystalline 
solids, melting at 47°, 46° and 71° C. respectively. They are 
soluble in alcohol and benzene and may be prepared by the 
chlorination of the corresponding nitrotoluene or by the nitration 
of benzyl chloride under regulated conditions. 


Physiological Properties —Experiments have, so far, been 
carried out with the o- and p-compounds, both of which are 
relatively ‘strong lachrymators and have a slight irritant effect 
on the upper air-passages. 


o-Nitro-benzyl Chloride. 
Action on Man— | 
A concentration of 1 in 10,000,000 (0:000765 mgm. per 
litre) was perceptible, but did not cause inconvenience. 
1 in 1,000,000 caused severe pain in the eyes and lachry- 
mation, which diminished considerably after 1 minute. 
On withdrawal from the atmosphere after 3 minutes’ 
exposure the pain returned and persisted for 1-2 hours. 
—(Cushny.) 
Alcoholic solutions of the substance were found to have no 
blistering action.—(French Report.) 
Action on Horse— 
A 1 per cent. of the crude material produced very slight 
blistering. 
Action on Dogs— 
Concentrations of 1 in 7,600 (1 mgm. per litre) and 1 in 3,800 
(2 mgm. per litre) were not fatal after exposure for 
30 minutes.—(KFrench Report.) 


p-Nitro-benzyl Chloride. 


Action on Man— 

A concentration of 1 in 5,000,000 (0-00153 mgm. per 
litre) produced just perceptible irritation of the eyes 
after 10 minutes; 1 in 1,000,000 caused irritation of 
the eyes and nose, but the effect was not very marked, 
and no lasting discomfort was produced.—(Cushny.) 


(Revised to 8/8/18.) 





CII. 1. 


NITROGEN PrroxipE. (Nitrogen Tetroxide.) N,O, and NO,. 


General Properties——The change in physical and molecular 
state of the substance with rise of temperature is shown below :— 
— 9°C. Melting point. White prismatic crystals at lower 
temperatures. 
26° C. Boiling point. Orange or yellow coloured liquid at 
temperatures between this and the melting point; 
density, 1-47. Molecular composition largely N,O,. 
140° C. Molecular composition exclusively NO,. At tem- 
peratures between 26° and 140° C. the vapour 
consists of mixtures of N,O, and NO, molecules; it 
is brown in colour, the colour deepening and the 
degree of dissociation increasing with rise of tempera- 
ture. 
500° C. Dissociation of the NO, molecules into nitric oxide 
and oxygen is appreciable. 


The molecular weights corresponding to the formule N,O, 
and NO, are respectively 92 and 46. | 

The concentrations quoted below are based on the assumption 
that 1 litre of the vapour weighs 3-39 grams. 

Nitrogen peroxide dissolves in, and reacts with, cold water, 
' giving a mixture of nitrous and nitric acids. 

The substance is conveniently prepared, on a laboratory scale, 
by heating lead nitrate. 

Physiological Properties.—The gas is a respiratory irritant, 
the fumes being very pungent and causing irritation of the nose, 
throat and air-passages. Lethal effects may be delayed, and 
inhalation which produces only moderate, immediate discomfort 
may be followed, after a period of some hours (5 or 6), during 
which no severe injury is apparent, by rapidly fatal pulmonary 
cedema. 

Action on Cats— ; 

A concentration of 1 in 3,500 (0-97 mgm. per litre) was not 
fatal after 15 minutes’ exposure; a concentration of 
1 in 2,000 (1-695 mgms. per litre), after similar exposure, 
caused death from cedema of the lung in 24 hours.— 
(Cathcart.) 

Action on Rabbits— 

Exposure for 20 minutes to a concentration of 1 in 1,560 
(2-17 mgms. per litre) was not fatal; exposure for the 
same time to 1 in 1,260 (2:7 mgms. per litre) was fatal 
in some cases, while a concentration of 1 in 760 (4-46 
mgms. per litre) caused death in 3 hours, after exposure 
for 20 minutes.—(Hdkins and Tweedy.) 

Action on Mice— 

Exposure for 30 minutes to a concentration of 1 in 2,000 
(1-695 mgms. per litre) caused death within 24 hours.— 
(Haldane.) 

(Revised to 8/8/18.) 
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CIII. 1. 


NITROGEN TRICHLORIDE. (Nitrogen Chloride.) NCl,. 


General Properties —Mol. wt., 120-5. Weight of 1 litre of 
vapour = 5:379 grams. An oily yellow liquid with a pungent 
smell; density, 1-65. The substance as ordinarily prepared is 
extremely unstable, decomposing with explosive violence in 
contact with many compounds, or if exposed to direct sunlight. 
It is soluble to some extent in water, benzene, ether and carbon 
disulphide. | : 

Nitrogen trichloride is prepared by the interaction of chlorine 
and ammonia under regulated conditions. 


Physiological Properties —A lachrymator and respiratory irrit- 
ant. The gas, on inhalation, produces serious pulmonary lesions 
and is stated to be much more aggressive than chlorine. It has 
also a slight irritant action on the skin.—(French Report. Baker.) 

In the following experiments the nitrogen trichloride was 
prepared im situ and concentrations by volume are stated for 
ammonia and chlorine separately. 


Action on Man— 

A concentration of 1 in 10,000 Cl, and 1 in 10,000 NH, 
produced intolerable irritation of the eyes after 1 minute. 
Slight nasal irritation was also felt, but there was no 
marked effect on the throat or bronchial tubes.— 
(Chapman.) 

A concentration of 1 in 60,000 Cl, and a small amount of 
NH, (concentration not definitely stated) produced very 
severe irritation of the eyes and nose in 10 seconds.— — 
(French Report.) 


Action on Guinea Prigs— 

Exposure for 15 minutes to concentrations of 1 in 10,000 Cl, 
and 1 in 10,000 NH, caused serious eye-effects, but the 
animal recovered quickly after removal from the atmo- 
sphere. 

Concentrations of 1 in 2,000 Cl, and 1 in 2,000 NH, pro- 
duced dyspnoea after exposure for 15 minutes, and death 
within 3 hours.—(Chapman.) 


(Revised to 9/8/18.) 
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Nirrosyt Bromipre. NOBr. 


General Properties—Mol. wt., 110. Weight of 1 litre of 
vapour = 4-911 grams. The substance, at low temperatures, 
is a dark brown liquid; B. Pt. 2° C. It is, however, extremely 
unstable, and readily decomposes into nitric oxide and bromine ; 
it is hydrolysed by water, yielding nitrous and hydrobromic 
acids. 

_ Nitrosyl bromide is prepared by the union of nitric oxide and 
bromine at — 15° C. 

Physiological Properties —The vapour of the substance acts 
as a respiratory irritant, causing sneezing, irritation of the eyes 
and bronchial tubes, and may cause death from cedema of the 
lung. It is not strongly aggressive unless in very high concen- 
trations. | 

Action on Cats— 

A concentration of 1 in 580 (8-467 mgms. per litre) produced 
sneezing, salivation, and respiratory irritation after 
exposure for 20 minutes. The animal, however, was 
normal in 24 hours. 

A concentration of 1 in 365 (13-455 mgms. per litre), after 
20 minutes’ exposure, caused death in 4 hours from 
cedema of the lung.—(Cushny.) 


(Revised to 8/8/18.) — 
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Nrirrosyt CHiuoripE. NOC. 


General Properties —Mol. wt., 65-5. Weight of 1 litre of 
vapour = 2-924 grams. An orange-coloured gas, which at low 
temperatures is converted into a yellow liquid of B. Pt. 5-6° C. 
and sp. gr. 1:425 at — 15° C. The substance solidifies at 
— 68° C.; with cold water it undergoes hydrolysis to nitrous 
and hydrochloric acids. 

Nitrosyl chloride may be prepared by the direct union of 
nitric oxide and chlorine in the presence of charcoal, or by 
heating nitrosyl sulphuric acid with sodium chloride. 

Physiological Properties —A respiratory irritant. 

Action on Cats— 

Exposure for 20 minutes to a concentration of 1 in 1,500 
(1-949 mems. per litre) caused sneezing and salivation, 
but no marked respiratory trouble. 

A concentration of 1 in 1,000 (2-924 mgms. per Hizey was 
fatal in 16 hours, owing to cedema of the lung, after an 
exposure of 20 minutes. 

A concentration of 1 in 450 (6-498 mgms. per litre) caused 
death in 2 hours from pulmonary cedema, after exposure 
for the same time.—(Cushny.) 


(Revised to 8/8/18.) 
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OXIMINO-NITROACETIO Ester. (Isonitroso-nitro-acetic 
Ester.) NO,.C.NOH.COOC,H,. 


General Properties—Mol. wt., 162. Weight of 1 litre .of 
vapour = 7-232 grams. A crystalline solid, M. Pt., 69° C., 
decomposing on exposure to moist air. It is soluble in ether, 
and may be prepared from ethyl acetoacetate by the action of 
nitric acid and sodium nitrite at a temperature of 30° C. 

Physiological Properties.—The substance was found to have 
no lachrymatory or skin irritant effects.—(Barger.) 


(Revised to 9/8/18.) 
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CVII. 1. 


PENTACHLORPHENOL. C,CI,.OH. 


General Properties—Mol. wt., 266-5. Weight of 1 litre of 
vapour = 11-897 grams. A solid, melting at 186° C., and 
soluble in alcohol. 


Physiological Propertues—The substance is a weak respiratory 
irritant. 


Action on Animals— 

Exposure of various animals (cat, rabbit, guinea pigs) for 
30 minutes to a concentration of 1 in 10,000 (1-189 mgms. 
per litre) had no serious respiratory effects.—(C.C.P. 
3052.) 


(Revised to 9/8/18.) 
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Prprer. Active constituent Prerrine. ©,,H,,0,N. 


General Properties—Mol. wt., 285. Weight of 1 litre of 
vapour = 12-723 grams. The substance forms monoclinic 
crystals, melting at 128° C.; it is insoluble in water, but soluble 
in alcohol and ether. It dissolves in concentrated sulphuric 
acid, giving a dark red coloured solution. On heating with 
alcoholic caustic potash the substance decomposes into piperidin 
[C;H,, NH] and piperinic acid | 

C1.Hy 902; [(CH,O,)-3-4-C,H,.CH : CH.CH : CH.COOH]. 

Piperine is obtained from natural sources, 7.e. the fruits of 
piper nigrum and piper longum. 

Physiological Properties—The sternutatory action of the 
substance, when sprayed in solution or vapourised by heat, was 
found to be very slight. 


Action on Man— 

A concentration of 1 in 1,000,000 (0-0127 mgm. per litre), 
obtained by evaporation, produced, on mouth breathing 
only, coughing and irritation of the throat. No serious 
discomfort, however, resulted. 

The same concentration, by nose breathing only, was 
scarcely detectable. 

By spraying of alcoholic solutions of piperine less irritation 
was produced than with corresponding concentrations 
obtained by vaporisation by heat.—(A.G.D. Report.) 


(fevised to 20/8/18.) 
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PERCHLORMETHYLMERCAPTAN.  (Thiocarbonyl ‘Tetrachloride.) 
: CCI,8.Cl. 

General Properties—Mol. wt., 186. Weight of 1 litre of 
vapour = 8-303 grams. A bright yellow oil with an unpleasant 
smell, boiling with slight: decomposition at 147° C. The density 
at 0° C. is 1-722. The liquid decomposes on heating and on 
exposure to moist air; it is soluble in alcohol and ether and is 
readily reduced to thiocarbonyl chloride, CSCI,. It has a slight 
superficial corrosive action on steel and is without action on 
nickel.—(U.S.A. Report.) 

Perchlormethylmercaptan is prepared by the action of 
chlorine on carbon disulphide in the presence of iodine. 

Physiological Properties.—The substance is a powerful respir- 
atory irritant, and is of the same order of toxicity as phosgene 
and chloropicrin. The main effect of inhalation of the vapour 
is the production of cedema of the lungs, which is not infrequen ty 
fatal; severe injury of the epithelial lining of the bronchi also 
results from exposure, and this has been found to be particularly 
marked in goats. There is no definite evidence that the substance 
has a general poisonous effect, apart from its action on the 
respiratory organs. Lesions observed in animals surviving 
exposure vary somewhat in degree, but the casualty efficiency 
of the gas is, as indicated above, relatively the same as that of . 
phosgene and chloropicrin. . The liquid has no vesicant action 
on the human skin.—(C.C.P. 3647.) 

Action on Man— 

A concentration of 1 in 50,000 (0-166 mgm. per litre) 
caused irritation, but could be tolerated for a few minutes. 

1 in 20,000 (0-415 mgm. per litre) and 1 in 10,000 (0: 830 
mgm. per litre) were unbearable and produced immediate 
irritation of the eyes and throat, headache, and a feeling 
of constriction in the chest.—(Hill. Webster.) 

Action on Animals— 

A table is given below showing the time of exposure in 
minutes for various concentrations required to produce a 
fatal result in different animals :— 









































Concentration. Goat. Monkey. | Dog. | Cat. | Rabbit. | eae Rat. 
1 in 50,000 | > 240 | > 240 > 240| > 240; >240, > 240 | > 240 
1 in 20,000 > 60 35 > 60 45; > 60 60n) S70 
1 in 10,000 30 9. || 5 45| 15 30 10°|) 10 

1 in 5,000 15 | 4 22 10) 30 7 10 
1 in 2,000 5 = 3 5 4 15 3 4 
| =<] 
1 in 1,000 <3 | <3 <li 8 2 1 
 (0.C.P. 3647.) 


(see over). 
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Action on Dogs— 
By injection the toxic amount was found to be 0-1 gram. 
Post-mortem examination showed that severe respiratory 
lesions had been produced.—(french Report.) 


The British, French and American results as regards the, 
toxicity of the substance for dogs are in close agreement. 
Action on Mice— 
The toxic concentration for an exposure of 30 minutes was 
found to be approximately 1 in 5,000 (1-660 mgms. per 
litre).—(U.S.A. Report.) 


(Revised to 10/8/18). 
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PHENYLARSENIOUS CHLORIDE. - (Phenyldichlorarsine.) 
: C,H;.As.Cl,. 


General Properties—Mol. wt., 223. Weight of 1 Hétre of 
vapour = 9-955 grams. A colourless, highly refractive liquid, 
fuming slightly in air. B. Pt., 252-254° C. It is unsoluble in, 
and isnot hydrolysed by, water, but dissolves in aqueous caustic 
alkalis and ether. 


Phenylarsenious chloride may be prepared by heating tri- 
phenylarsine with arsenious chloride in closed vessels under 
regulated conditions. 


Physiological Properties—The substance is a respiratory 
irritant, vesicant and lethal agent. With regard to toxicity, 
it is of the same order as diphenylarsenious chloride, but its 
irritant power, compared with that of the latter, is not marked.— 
(A.G.D. Report.) 


As a blistering agent it is considerably less powerful than 
dichlorethyl sulphide.—(Herring.) 


Action on Man— 

In the experiments referred to below, the material used 
contained approximately 2 per cent. of diphenylarsenious 
chloride, and the irritant properties mentioned are, there- 
fore, possibly due to the presence of this impurity. Pure — 
phenyldichlorargine in low concentrations is, doubtless, 
less aggressive than would appear from the following 
results. 

Irritant Action— 

The concentrations were obtained by volatilisation by heat, 
the period of exposure being 5 minutes. 

1 in 10,000,000. (0-000995 mgm. per litre) caused slight 
irritation of the nose. 

1 in 2,000,000 (0-00498 mgm. per litre) produced irritation 
of the nose and throat with slight pain in the head. 

1 in 1,000,000 produced severe irritation of ‘the nose and 
throat, pain in the head with facial neuralgia and had 
a slight irritant effect on the eyes. 

This concentration could not be endured for longer than 
5 minutes.—(A.G.D. Report.) 

1 in 20,000,000 (0-000498 mgm. per litre), obtained by 
spraying a solution of the substance in ether, was detected 
by slight nasal irritation after 2-3 minutes, becoming 
more marked on withdrawal from the atmosphere. 

1 in 10,000,000 was detected after 106 seconds and caused 
sneezing in some of the observers.—( Wolf.) 

Vesicant Action— 

Solutions of the substance in carbon tetrachloride were 
tested for blistering action on the fiexor surface of the 
forearm. 


(see over). 
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A concentration of 1 in 1,000 had no visible effect; 1 in 100 
produced immediate irritation, followed by. blistering 
within 12 hours. The effects lasted for 6 days, after 
which period they diminished. Slight inflammation 
only was produced.—(Herring.) 


Action on Animals (cat, guinea pig, rat)— 

Concentration of 1 in 1,000,000 (0-00995 mgm. per litre), 
obtained by spraying an ethereal . solution, caused 
sneezing after 1-4 minutes, but had no other irritant 
effect during or after an exposure of 30 minutes.—( Wolf.) 

Action on Rats— 

Exposure for 3 hours to comparatively low concentrations 
of the gas produced no symptoms of distress and the 
animals remained normal. Higher concentrations, after 
an exposure of 4 hours, were not fatal, but produced 
slight irritation and conjunctivitis. The animals became 
cold and lethargic. Post-mortem examination showed 
little conjunctivitis; the lungs, however, were almost 
solid and hemorrhagic, and great intestinal distension 
was observed. 

Similar symptoms were found after death had been caused 
by injection of a few drops of the liquid.—(Herring.) 


(Revised to 13/8/18.) 
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PHENYLARSENIOUS OxipE. C,H;AsO. 


General’ Properties —Mol. wt., 168. Weight of 1 litre of 
vapour = 7-500 grams. A colourless, crystalline solid, with a 
characteristic odour. M. Pt., 119-120° C. It is insoluble in 
water, soluble in benzene and hot alcohol, and is slightly volatile 
insteam. On heating above its melting point the substance 
decomposes into triphenylarsine and arsenious oxide. 

Phenylarsenious oxide is prepared by adding sodium carbonate 
to phenylarsenious chloride in suspension in warm water. 


Physiological Properties.—The substance is exactly similar in 
action to diphenylchlorarsine (q¢.v.), but is much less powerful 
both as a respiratory irritant and lethal agent. 

The relative susceptibility of different animals to its effects is 
the same as for diphenylchlorarsine and the lesions produced by 
inhalation of the vapour include severe tracheitis, cedema of the 
lungs of varying degrees of severity, purulent bronchitis and 
broncho-pneumonia. . 

The substance has no general poisonous effect; in fatal cases 
the injury of the respiratory organs was sufficient to account for 


death. —(C.C.P. 3391.) 


Action on Animals— - 

In the experiments summarised in the following table, the 
concentrations quoted were obtained by evaporation ; it 
is, therefore, possible that the vapours consisted, in part 
at least, of triphenylarsine and arsenious oxide :— 























| | | | 
| Time of | | | | 
‘ Exposure, | Mon- one) | Rab | Guinea 
Concentrations. es Goat. key. Dog. | Cat. “pia Pig. co Rat. 
Minutes. 
| | | ies aoe 
1 in 40,000 BOate ee Aree Ne Se ee Be eee 
(0-187 mgm. per litre) | | 
1 in 20,000 10 fot a Oe 2 Oe 1 O82 ee 08 
(0-375 mgm. per litre) | aaa 
in 10,000 30 SO} Bia. G2. | Of. BD 072 
(0: 750 mgm. per litre) | | 
1 in 5,000 30 | eG) ier) 02 3/2 2/2 
(1:5 mgms. per litre) | 
—(0.C.P. 3752.) 


(Revised to 12/8/18.) 
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PHENYL CARBYLAMINE. (Phenyl Isocyanide.) C,H,;NC. 


General Properties—Mol. wt., 103. Weight of 1 litre of 
vapour = 4-598 grams. A colourless and somewhat unstable 
liquid with a characteristic, very disagreeable smell. It boils 
at 166° C. under atmospheric pressure, but undergoes polymer- 
isation at this temperature ; at 20 mm. pressure it boils at 64° C. 
and remains unchanged. ‘The density at 15° C. is 0-977. 

Phenyl isocyanide is obtained by heating together aniline, 
chloroform and alcoholic potash. 


Physiological Properties.—The vapour of the ibe has an 
extremely nauseating odour, but it is not highly toxic. 
Action on Mice.—The toxic concentration for an exposure of 
10 minutes was found to be above 1 in 2,300 (2 mgms. 
per litre) —(U.S.A. Report.) 


(Revised to 14/8/18.) 
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PHENYLCARBYLAMINE DICHLORIDE (Isocyanphenyl Chloride ; 
Phenylimidocarbonyl Chloride.) C,H;N : CCl,. 


General Properties —Mol. wt., 174. Weight of 1 litre of 
vapour = 7-768 grams. A colourless, oily liquid with an un- 
pleasant, penetrating odour. B. Pt., 209° C. The density at 
15° C. is 1-291. The liquid is insoluble in water, but miscible 
in all proportions with ether, carbon tetrachloride and chloroform. 
It is slowly decomposed by water at ordinary temperatures, and 
more rapidly so at 100° C., giving diphenylurea [(C,H;NH),CO}], 
carbon dioxide, hydrochloric acid and aniline. The substance 
reacts vigorously with alcohol, to form the ethyl-ester of 
phenylurethane (C,H;.NH.COOC,H;). 

Phenylearbylamine chloride may be prepared by the direct 
action of chlorine on phenyl carbylamine in chloroform solution, 
or on phenyl isothiocyanate. 


Physiological Properties —The substance has a definite irritant 
action on the eyes and respiratory organs, but this is not marked 
in intensity, and proves fatal only after exposure to very high 
concentrations.—(Baker. Cushny.) 


Fhe respiratory lesions produced by inhalation of large 
quantities of the gas include destruction of the bronchial epithel- 
ium, intense congestion of the lung and occasionally oedema and 
emphysema.—(French Report.) : 


Action on Man— | 
The following concentrations were obtained presumably by 
spraying :— 

1 in 10,000,000 (0-00077 mgm. per litre) was faintly 
lachrymatory, and could be detected more easily by 
smell. : 

‘1 in 1,000,000 produced lachrymation, but was 
tolerable. 

1 in 500,000 (0-0155 mgm. per litre) caused immediate 
lachrymation ; the. observer withdrew after 3 minutes. 
—( Boycott.) 


In the following further series of experiments, the concen- 
trations were obtained by detonation :— 


1 in 800,000 (0-0097 mgm. per litre) produced imme- 
diate irritation of the eyes and lachrymation after 
30 seconds, but had only a slight irritant effect on 
the nose and throat. 

1 in 400,000 (0-0194 mgm. per litre) caused lachry- 
mation after 15 seconds and noticeable irritation of 
the nose and throat. ; 

1 in 200,000 (0:0388 mgm. per litre) could not be 
tolerated for more than 2—3 minutes. Lachrymation 
and marked irritation of the nose and throat were 
produced.—(C. L. Report.) 


(see over). 
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Action on Animals— 

Goats, rabbits and rats were exposed for 30 minutes to a 
concentration of 1 in 10,000. Much irritation of the 
eyes, nose and throat resulted and exposure was followed | 
by acute bronchitis.. All the animals survived.— 
(Boycott.) 


Action on Dogs— 

Exposure for 30 minutes to a concentration of 1 in 3880 
(2 mgms. per litre) was not fatal. By intraperitoneal 
injection, the minimum lethal dose was found to be 
0-01 gram. per kg. weight of animal, and 0-2 gram. 
per kg. for subcutaneous injection. Marked pulmonary 
lesions were observed in fatal cases.—(French Report.) 


Action on Cats— 

Exposure for 14 hours to a concentration of 1 in 10,000 was 
not fatal; irritation of the eyes and salivation were 
produced. 

A concentration of 1 in 5,000 (1-553 mgms. per litre) caused 
lachrymation and salivation after exposure for 20 minutes ; 
the animal, however, survived for one week. 

A concentration of 1 in 2,500 (3-106 mgms. per litre) 
produced severe irritation of the eyes and _ salivation 
after 20 minutes’ exposure. The animal succumbed 
after one week.—(Cushny.) 3 


(Revised to 14/8/18.) 
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Puenyt Drazormipe. (Diazoimidobenzene.) C,H;.Ng. 


General Properties—Mol. wt., 119. Weight of 1 litre of 
vapour = 5-312 grams. A yellowish oil with a penetrating 
odour. B. Pt. at 12mm., 59°C. The liquid explodes violently 
when heated under ordinary pressure. 

Phenyl diazoimide is prepared by the action of aqueous 
ammonia on diazobenzene perbromide, or by the interaction of 
hydroxylamine and diazobenzene sulphate. 


Physiological Properties —Exposure to the vapour in high 
concentrations causes intense throbbing in the forehead, due to 
vaso-dilatation, followed by painful headache and, in some cases, 
by insensibility. The substance is, however, less aggressive in 
action than azoimide (N,H).—(Withers.) 


(Revised to 14/8/18.) 
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PHENYL-HALOGEN-SUBSTITUTED ACETYLENES. 


General Properties. 
Phenylchloracetylene. C,H;C :CCI— 
Mol. wt., 136-5. Wont of 1 litre of vapour = 6: ove 
grams. B. Pt., 74° C. at 14 mm. 
Phenylbromacetylene. Cy,H;C: CBr— 
Mol. wt., 181. Weight of 1 litre of vapour = 8-080 
grams... B.-Ft., 96 Cat. 15 mm. 
Phenyliodoacetylene. O,H;C: CI— 
Mol. wt., 228. Weight of 1 litre of vapour — 10-178 
grams. B. Pt., 136° C. at 22 mm. 


The substances are obtained by the action of alcoholic potash 
on the symmetrical dihalogen-styrols. 


Physiological Properties.—Several of the compounds have 
been investigatéd, but are found to be only slightly poisonous. 
—(French Report.) 


(Revised to 12/8/18.) 
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PuEenyt Isoruiocyanate (Phenyl Isosulphocyanide ; 
Thiocarbanil; Phenyl Mustard Oil.) C,H;N: CS. 


General Properties—Mol. wt., 135. Weight of 1 litre of 
vapour = 6:027 grams. A colourless liquid with a disagreeable, 
penetrating odour, similar to that of mustard oil. B. Pt. 
222° C.. The density at 15-5° C. is 1-135. The liquid is 
insoluble in water and is volatile in steam. 

Phenylisothiocyanate is prepared by heating thiocarbanilide, 
CS(NHC,H;). with concentrated hydrochloric or phosphoric acid, 
or by the interaction of thiophosgene and aniline. 


Physiological Properties —The substance is a feeble irritant 
and lethal agent.—(U.S.A. Report.) , 
Action on Man— 
A concentration of 1 in 100,000 (0-0603 mgm. per litre) 


produced slight irritation of the eyes and nose, but was 
quite tolerable. 


(Revised to 12/8/18.) 
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6-PHENYLPROPIONITRILE. (Hydrocinnamic Nitrile, Phenylethyl 
Cyanide.) C,H;.CH,.CH,.CN. 


General Properties—Mol. wt., 131. Weight of 1 litre of 
vapour = 5-848 grams. An oily liquid; B. Pt., 261° C. The 
density at 18° C. is 1-0014. 

The substance can be obtained from the essential oil of 
Nasturtium officinale. 

Physiological Properties —The compound is an irritant and 
has slight toxic properties. 

Action on Dogs— 

A concentration of 1 in 2,900 (2 mgms. per litre) had no 


lethal effects (time of exposure not stated).—(French 
Report.) 


(Revised to 12/8/18.) 
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PHosGENE. (Carbonyl Chloride; Carbon Oxychloride.) COCI,. 


General Properties—Mol. wt., 99. Weight of 1 litre of 
vapour = 4:420 grams. At low temperatures, a colourless 
liquid, B. Pt., 8° C.; M. Pt. — 126°C.; at ordinary temperatures 
it is a gas with a faint characteristic odour. The density relative 
to air is 3-41. A table of the density of liquid phosgene at 
various temperatures is given below :— 


Poe. D. 
Saree a rena atures ee ahd 
SIO as th ous oo ee! Rha 
Orca cc wd fees tae 
COCA narala ei. Sy dare ene ea 
sehr ti lle OC ed 
eee Vee pate ween kad gee ag 
Doe oe Bae aes ba Sa oe aT 
Ome eee ee Re ey ioe Tene 


—(Baker. French Report.) 


and the coefficient of expansion, therefore, for a range of temper- 
ature from — 4° to — 4° C. is 0-0015, and from — 6-5° to 
+. 30° C. is 0- 00171. 


The vapour pressures of the liquid, at different temperatures, 
are tabulated below :— 


eC Vap. Press, 
% 100 | i i é é - not measurable. 

900) 
— 80 - - - - - - 4mm. 
— 70 - - - - - - 412 
NC SOM ca IT Pt BCA Ce RE Se Ma ee 
DLT; are ae LAC Or eyD er reer Y 
Sud guch: > HC HOR. Hulabe Kay BG 
Tes SV! D2 AS) EMMA EE SME gg 
OO ai. er ae ee Sara! 2 OG 
SMG Weve eon tall iy hab ates) 3h 380) 

0 ASE? Geir: avmeaTowiny lbs. 0 5 eg 


—(Pope.) 
(see over) 


CXVIIL. 1: 





as ep Vap. Press. 

Se. eal epg Lica, Nie a aad 
30 Oi Rab ai Mateo 2 
TR aniet bil skrun Pongal css 2 
AOR as Ne Ve ae i ne 
BU lake, Ger saab oie wel Om Mi ic Gage 
CON ee oe nine Ober i nue June 
FO ou idee ase ees, 00 ae rua ea 
BO eae oc amr aire ee ce cae 
hs ie 1h Wich De eit era oan 
TOO te eh acas 8 Lanai 


At ordinary temperatures, in the presence of water or moist air, 
phosgene is slowly hydrolysed to carbon dioxide and hydro- 
chloric acid. 


It is prepared by the direct union of carbon monoxide and 
chlorine, in equal volumes, in the presence of a catalyst. The 
reaction is exothermic and is reversible. At high temperatures, 
therefore, phosgene is partially dissociated. The percentage 
dissociation by volume, at various temperatures, is shown 
below :— 





Degree of 
fier On Dissociation. 
1014: : 3 4 : - 0-45 per cent. 
bed Pete BOO Gr eho 8 2 OL ee ane 8 
7 aa em ea Wetec 
BOT oe eh UA, OUP iy Perea aati es 
BOO AE Re LEONE 04 AO. Oa ae eae 
OU acne et 1, ee eae 


Appreciable dissociation thus occurs at just above 200° C, 
At 500° C. about 67 per cent. is dissociated, and at 800° C. 
dissociation is complete.—(Pope. U.S.A. Monograph.) 

Phosgene is readily soluble in xylene, monochlorbenzene, 
toluene and petroleum, but less soluble in acetylene tetrachloride 
and nitrobenzene. Liquid phosgene is without action on 
aluminium, steel, cast iron, brass and nickel. 


Physiological Properties —Phosgene acts as a_ respiratory 
irritant, but is also lachrymatory. Exposure to low concen- 
trations of the gas causes lachrymation, coughing and intense 
dyspneea. It differs from chlorine in that it has a slighter action 
on the upper respiratory organs, and therefore penetrates more 
to the terminal air-cells of the lungs, giving rise to acute cedema. 
The consequent interference with the inward passage of oxygen 
leads to cyanosis and frequently death. The symptoms which 
arise are due to want of oxygen; there is no evidence that 
phosgene is absorbed into the blood. 


(continued) 


CXVIII. 1. 


In severe cases of poisoning, which are fatal within about 
6 days, the following symptoms are usually observed : cedema 
of the lungs, emphysema, inflammation of the bronchioles, which 
may be followed by broncho-pneumonia, dilatation of the heart, 
and visceral congestion. 


In non-fatal cases, an incapacity for exertion persists, which 
is one of the most marked effects of the gas. 


Phosgene is more poisonous in high concentrations than 
chloropicrin; in very low concentrations it is comparatively 
harmless, doubtless on account of almost complete hydrolysis 
into hydrochloric acid and carbon dioxide.—(Hill. C.C.P. 2362.) 


Symptoms of poisoning seldom appear immediately, and 
death may suddenly occur after an interval during which no 
sign of injury was observed. ‘The gas has a curious, characteristic 
effect upon taste, and can be indentified by the “‘ tobacco 
reaction ’’ to which it gives rise. 


In the tests given in detail below, difficulty was experienced 
in maintaining the initial concentration throughout the whole 
of the exposure, as it was impossible to exclude all traces of 
moisture from the chamber. 


Action on Man— 


Forty-three observers were exposed. Concentrations varying 
from 1 in 500,000 (0-0088 mgm. per litre) to 1 in 50,000 
could be breathed without producing immediate distress. 
For about one-half of the observers, 1 in 125,000 
(0:0354 mgm. per litre) was the limit of toleration. 


In experiments designed to ascertain the effect on the 
eyes only, a concentration of 1 in 125,000 was found to 
produce definite eye-irritation, and 1 in 10,000 (0-442 
mgm. per litre) to be intensely irritating —(A.G.D. 
Report.) 


Action on Animals— 


A table showing the times of exposure in minutes necessary 
to produce ultimate death, for various animals, is given 






































below :— 
| 
Concentration. | Goat, | Monkey. Dog. | Cat. | Rabbit. Sines Rat. 
g. 
| 
lin 50,000 | — 20( 2) — | — 20 25 
1 in 20,000 | — 6 ct 30 — 10 10 
1 in 10,000 bar 30 3 > 30 10 30 4 5 
lin 5,000 10 3 12 5 10-15 3 3 
lin 2,000 3 1 3 2 7-10 ] 2 
lin 1,000 | 1 aoe ii 1 7-10 <4 7 
(C.C.P. 3010.) 


(see over) 


Action on Goats— 


CXVIIL. L 


Numerous experiments on the effect of phosgene in all 


concentrations have b 


below :— 





Concentration. 





1 in 22,000 (0:2008 mgm. | 


per litre). 
1 in 11,000 (0:401 mgm. 
per litre). 


1 in 4,400 (1-004 mgm. per 
litre). 


1 in 4,000 (1-105 mgm. - 


per litre). 





Time of 
Exposure. 


4-1? hours 


20-45 minutes 


3 minutes 


5 minutes 
10 minutes 
15 minutes 
20 minutes 
25 minutes 
30 minutes 


een carried out, and are tabulated 


Severe injury of the lungs 
was produced, but without 
fatal results. 


Ditto. 
Ditto. 


Was not fatal. 

1 of 3 animals died. 
2 of 3 animals died. 
3 of 3 animals died. 
2 of 3 animals died. 
3 of 3 animals died. 

In every case the lungs 
were severely affected. 














1 in 2,070 (2-135 mgm. 3 minutes ‘| Proved fatal to 1 animal in 
per litre). 28 hours. Another sur- 
vived, and showed but 
slight lung injury. 
1 in 710 (6-225 mgm. per 3 minutes | Was fatal in 6-7 hours. 
litre). 
1 in 430 (10° 279 mgm. per 3 miuutes | Was fatal in 43-6 hours. 
litre). 
1 in 370 (11-946 mgm. per 6 minutes Was fatal in 3 hours. 
litre). 
: as 
(C.C.P. Report.) 
Action on Monkeys— 
Concentration. mee oe Effect. 
xposure. 
3 minutes Was fatal in 5 hours. 


1 in 390 (11°33 mgm. per 
litre). ) 





(Cea. Report.) 
(continued) 
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Action on Dogs— 


CXVIII 1. 








Concentration. 


1 in 44,000 (0-10 mgm. per 
litre). 

1 in 17,600 (0-251 mgm. per 
litre). 

1 in 8,840 (0-500 mgm. per 
litre). 

1 in 2,200 (2-009 mgm. per 
litre). 


Time of 
_ Exposure. 


30 minutes 
30 minutes 


30 minutes 


30 minutes 


Effect. 


Was not fatal. 
Was fatal in 32-48 hours. 
Was fatal in 14—20 hours. 


Was fatal in 20 hours. 





Action on Cats— 





Concentration. 


Time of 
Exposure. 


(French Report.) 


Effect. 





1 in 60,000 (0-074 mgm. 
per litre). 

1 in 50,000 (0-088 mgm. 
per litre). 

1 in 40,000 (0-110 mgm. 
per litre). 

1 in 20,000 (0-221 mgm. 
per litre). 

1 in 11,400 (0-386 mgm. 
per litre). 


30 minutes 
20 minutes 
20 minutes 
20 minutes 


10 minutes 





Was not fatal. 

Was not fatal. 

May be fatal in 12 hours. 
Usually fatal in about 5 hours 


Fatal in 18 hours. 





Action on Rabbits— 





Concentration. 


(Cushny. Barcroft.) f 





Time of 
Exposure. 


Effect. 





1 in 25,000 (0-176 mgm. 
per litre). 

1 in 20,000 (0-221 mgm. 
per litre). 

1 in 15,000 (0-29 mgm. 
per litre). 

1 in 10,000 - - - 


1 in 8,500 (0:52 mgm. per 
per litre). 

1 in 5,700 (0-775 mgm. per 
litre). 





30 minutes 
60 minutes 
30 minutes 
15-20 minutes 
20 minutes 


20 minutes 


10 minutes 





Is usually not fatal. 


Was fatal. 
Was not fatal. 
Was not fatal. 


Is generally not fatal unless 
the animal is exercised. | 
Is usually fatal. 


May prove fatal in about 
4 hours. 





(Barcroft, Hdkins and Tweedy.) 


(see over) 


CV ea 


Action on Mice— . 








Time of 


Concentration. 
Exposure. 


Kffect. 





1 in 200,000 (0-0221 mgm. 30 minutes Was fatal in 24 hours. 
per litre). 


1 in 100,000 (0-0442 mgm. 6 minutes | Had little or no effect. 
per litre). 

1 in 80,000 (0-055 mgm. 15 minutes Was not fatal, but cedema 
per litre). was produced. _ 

1 in 50,000 (0-088 mgm. 16 minutes | May cause death after 6 
per litre). hours. Qidema and con- 


gestion resulted. 
1 in 10,000 (0-442 mgm. | 1-5 minutes | May not be fatal till after 
per litre). 48 hours. 











(Barcroft.) 


In the Appendix, graphs showing the relation between the 
different methods of expressing concentrations, and also curves 
in which are plotted the concentrations and times of exposure 
necessary to cause the death of animals of different species, are 
given. 

(Revised to 30/8/18.) 


CXIX. 1. 


PHOSPHENYL CHLORIDE. C©,H;PCl,. 


General Properties—Mol. wt., 179. Weight of 1 litre of 
vapour = 7-991 grams. A colourless, highly refractive liquid, 
fuming strongly in air and having an unpleasant odour. B. Pt., 
225° C. The density at 7° C. is 1-335, and at 29° C. 1-319. 
The substance is very unstable, and inflames spontaneously 
when heated in air; it hydrolyses with water to form phenyl- 
hypophosphorous acid (C,H; PHO.OH). 

Phosphenyl chloride is prepared by the interaction of benzene 
and phosphorus trichloride at high temperatures, or in the presence 
of aluminium chloride. 


Physiological Properties —The vapour of the substance is 
extremely nauseating, and exposure to it tends to produce 
headache. It has no irritant effect on the eyes, but inhalation 
of high concentrations is followed by dyspnoea, salivation, and 
congestion of the lungs. Vomiting may also be produced. 

The liquid was found to have only a slight, non-persistent, 
irritant action on the human skin. 


Action on Cats— 
Exposure for 30 minutes to a concentration of 1 in 5,000 
(1-598 mgms. per litre) had no effect.—(Barcroft.) 
Exposure for the same time to a concentration of 1 in 500 
caused vomiting, profuse salivation, and dyspneea. 
The animal recovered after 2 days, except for some 
difficulty in breathing.—(Hill.) 
Action on Rabbits— 
A concentration of | in 5,000 produced no respiratory 
irritation after 30 minutes’ exposure.—(Sarcroft.) 





Action on Guinea Pigs— 
Exposure for 30 minutes to a concentration of | in 5,000 
produced only slight ne irritation.—(Barcroft.) 


Action on Rats— 

Exposure for 1 hour to a nodecnt Rican of 1 in 1,000 
(7-991 mgms. per litre) caused considerable irregularity in 
breathing, which was still evident after 72 hours. 

1 in 500 (15-982 mgms. per litre) produced a similar effect 
after exposure for 1 hour, but was not fatal. Post- 
mortem examination showed much congestion of the 
Tungs. 

1 in 300 (26-636 mgms. per litre) caused dyspnoea, opacity 
of the cornea, and death from congestion of the lungs 
after 3 hours.—(fill.) 


(fevised to 21/8/18.) 
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CxX.. 1; 


PHosPHINE. (Hydrogen Phosphide; Phosphoretted 
: Hydrogen.) PHs. 


General Properties —Mol. wt., 34. Weight of 1 litre of gas 
= 1°518 grams. A colourless gas with an odour of garlic. It is 
liquefied at — 85° C. and solidifies at — 133-5° C.; the density 
relative to air is 1-17. The gas is spontaneously inflammable 
and, with oxygen, forms a highly explosive mixture. It is very 
slightly soluble in water, alcohol and ether. 

Phosphine is obtained by the interaction of calcium phosphide 
and water, or, in the pure state, by the action of caustic soda on 
phosphonium iodide. 

Physiological Properties——tInhalation of the gas has toxic 
effects, but is only fatal in very high concentrations. Death is 
probably due to action on the central nervous system; slight 
respiratory irritation may be produced. 


Action on Cats— 


Exposure for 3 hours to a concentration of 1 in 2,000 


(0-759 mgm. per litre) proved fatal within 18 hours. 

A concentration of 1 in 1,000 (1-518 mgms. per litre) caused 
death 4 hours after an exposure of 30 minutes, and a 
concentration of 1 in 500 (3-036 mgm. per litre) was 
fatal in 20 minutes.) 


(Revised to 21/8/18.) 





CXXI. 1. 


PuHospHoruS TRICHLORIDE. PCI. 


General Properties.—Mol. wt., 137-5. Weight of 1 litre of 
vapour = 6-138 grams. ‘The substance is a colourless liquid, 
B. Pt., 76° C., fuming strongly in air and having a very pungent 
odour. Thedensity of the liquid at 0° C. is 1-6129 and at 10° C., 
- 1-597; the vapour density relative to air is 4-7. It is insoluble 
in water per se, but, in contact with it, hydrolysis rapidly occurs, 
with the formation of the soluble phosphorous and hydrochloric 
acids. The substance dissolves in carbon disulphide. 

Phosphorus trichloride is prepared by the direct union of 
dry chlorine and phosphorus under carefully regulated conditions. 


Physiological Properties.—A respiratory irritant. 


Action on Man— 
A concentration of 1 in 15,000 (0-409 mgm. per litre) is 
practically irrespirable. 


Action on Animals— 

Cats, rabbits, guinea pigs, and rats were exposed for 
30 minutes to concentrations of 1 in 10,000 (0-614 mgm. 
per litre) and 1 in 5,000 (1-227 mgms. per litre).. Very 
slight irritation was produced during exposure, and no 
symptoms of illness appeared afterwards. Post-mortem 
examination showed a moderate degree of lung injury 
in the case of guinea pigs only.—(C.C.P. 3883.) 


(Revised to 20/8/18.) 





CXOMDE: hy 


PHOSPHORUS TRIFLUORIDE. PF. 


General Properties——Mol. wt., 88. Weight of 1 litre of gas 
= 3-928 grams. A colourless gas, with a characteristic and 
disagreeable odour. It is liquefied at — 95° C. and solidifies 
at — 160° C. In the presence of water it is comparatively 
stable, and is not decomposed by heating. 

Phosphorus trifluoride is prepared by the action of phosphorus 
trichloride on a metallic fluoride, or by heating lead fluoride and 
copper phosphide. 

Physiological Properties——The gas nits as a respiratory 
irritant. 

Action on Cats— 

Exposure for 20 minutes to a concentration of | in 4,800 
(0-818 mgm. per litre) caused slight irritation of the eyes 
and quickened breathing. The animals appeared to be 
in a state of collapse for some time; death eventually 
resulted, after 6-7 days, from oedema of the lungs. 

A concentration of 1 in 4,500 (0:873 mgm. per litre) pro- 
duced general depression and dyspnoea after exposure 
for 90 minutes. Death occurred later from acute 
cedema and congestion of the lungs. 

Exposure for 30 minutes to a concentration of 1 in 2,500 
(1-571 mgm. per litre) caused severe irritation of the 
eyes, dyspnoea, narcosis and death within 24 hours from 
cedema and hemorrhage in the lungs.—(Cushny.) 


(Revised to 20/8/18.) 


Cain Ps eee = aat Ay S 
PY ee ea 
One ab 

Prey z ; ; 


ae . ; : 4 row ee ty See . 
: v iy B a 4 r a ry = ‘i ‘ she, ‘ eier a Les 
i La reh eee 4 LIP e, eA ‘ { ta. AE eT e) dD) 
Me q he 7 1% v4 hah. ' na ; : : a. eta ap a Bit 
SAAS oa 
t 7 v 4 ’ 
; ae, 


iy: i! 





CXXHI. 1. 


PYROSULPHURYL CHLORIDE. S,O,Cl,. 


General Properties——Mol. wt., 215. Weight of 1 litre of 
vapour = 9-598 grams. A viscid, heavy liquid, fuming in air. 
B. Pt., 142° C.; density, 1-819 at 18° C. On heating above 
210° C., it decomposes into sulphur trioxide, sulphur dioxide 
and chlorine. The substance unites with small quantities of 
water to give chlorsulphonic acid; it slowly dissolves in larger 
quantities of water, with the formation of sulphuric and hydro- 
chloric acids. 5 

Pyrosulphuryl chloride is obtained by the removal of the 
elements of water from chlorsulphonic acid by means of Hoe 
phorus pentoxide. 


Physiological Properties —The substance acts as a respiratory 
irritant. | 


Action on Man— 
For exposures of three minutes the following results were 
obtained :— 


(a) Concentrations by spraying solutions of the substance 
in carbon tetrachloride :— 

1 in 5,000,000 (0-00192 mgm. ber litre) could just be 
detected by smell. 

1 in 2,000,000 (0-:0048 mgm. per litre) was detected 
by smell after 102 seconds.—( Wolf.) 

1 in 1,000,000 (®-0096 mgm. per litre) had no irritant 
effect. 


(b) Concentrations by detonation of the substance without 
solvent :— 


1 in 500,000 (0-0192 mgm. per litre) produced slight 
irritation of the nose, but was easily tolerated. 

1 in 100,000 (0-096 mgm. per litre) caused severe irri- 
tation of the nose and pain in the lungs. Three 
observers remained in the atmosphere for 3 minutes ; 
one had to withdraw after 1 minute. Exposure was 
followed by headache, lasting for 24 hours. 

1 in 50,000 could not be endured for longer than 
10 seconds. Coughing was produced and the acid 
fumes became quite irrespirable.—(A.G.D. Report.) 

One drop of the liquid placed on the forearm caused 
a pricking sensation, but this was followed by no 
further symptoms of irritation or blistering.— 
(A.G.D. Report.) . 


Action on Animals— 

A concentration of 1 in 1,000 (9-598 mgm. per litre) was 
not fatal to cats or rats after exposure for 20 minutes. 
Profuse salivation, coughing and sneezing were produced, 
but the animals quickly recovered.—(Hull.) 


(Revised to 22/8/18.) 
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CX XAYV 21: 


SILICON es aaa SiCl,. 


General Properties.—Mol. wt., Weight of 1. litre of 
vapour = 7:589 grams. A _ clear, Pca mobile liquid, 
fuming strongly in air and having a suffocating odour. B. Pt., 
BoC. 

The density of the liquid at different temperatures is gies 
below :— 


Sie D. 

ETH Lise dag ac. ois eee ag ia 
Te we She cae am mean a (205) 
Oe MS A Dus A enn eta iO 
Demet en mane ky” oe, alee. 8 an enone 
OSE ue eee a es 1-421 


(U. 8. A. Monograph.) 


and the coefficient of expansion for a range of temperature 
from — 10° to 55° C. is, therefore, 0-00145. 

Determinations of the vapour pressure of the liquid at 
different temperatures have been made, with the following 
results :— 

Vapour Pressure 
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—(U. 8. A. Monograph.) 
The liquid is rapidly decomposed by water, yielding silicic and 
hydrochloric acids; it reacts vigorously with alcohol, to give 
ethyl silicate and hydrochloric acid. 

Silicon tetrachloride is prepared by direct union of its elements, 
or by passing chlorine over heated ferrosilicon, over a mixture 
of silica and carbon, or over silicon carbide. It has little or no 
corrosive action on steel, brass, nickel, and aluminium. 

Physiological Properties—A weak respiratory irritant. 

Action on Rats— 

Exposure for 20 minutes to a concentration of 1 in 3,300 
(2-299 mgms. per litre) had no effect. 

Similar exposure to 1 in 1,000 (7-589 mgms. per litre) 
likewise produced no symptoms of irritation. 

A concentration of 1 in 435 (17-446 mgms. per litre) caused 
extreme dyspnoea and slow respiration after 5 minutes, 
but the concentration diminished considerably during 
exposure by absorption of the gag by the animal’s fur; 
the effects consequently became less and less marked. 
The duration of the exposure was 20 minutes. 

(Revised to 2/9/18.) 
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CXXYV. 1 


STANNIC CHLORIDE. SnCl,. 


General Properties—Mol. wt., 260-7. Weight of 1 litre of 
vapour == 11-638 grams. A colourless, mobile, highly refractive 
liquid, fuming strongly in air, and having a very pungent odour. 
B. Pt., 114° C. The liquid solidifies at — 33° C. to form small, 


white crystals. A table showing the density at different temper- 
atures is given below :— 
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—(French Report. U.S.A. Monograph.) 
and the coefficient of expansion for a range of temperature from 
0°—30° is 0-00118 and between — 15° and + 50° is 0-00117. 


The variation of the vapour pressure with rise in temperature 
is as follows :— 


Vapour Pressure 
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—(U.S.A. Monograph.) 


The critical temperature and pressure have been determined 
and found to be 318-7" C. and 28,080 mm. respectively. 


(see over) 


CA AVI 


The following values are recorded for the refractive index 
of the liquid at different temperatures :— 





ree @: nN 
I3°7. «= - - - - - 11-5156 
18-7 - - - - - -* 1-5126 
23°9 - - - - - - 11-5095 
33:4. + - - - - - 11-5038 
40-2 - - - - - - 11-4994 


—(French Report.) 


When mixed with relatively small quantities of water, 
stannic chloride forms crystalline hydrates. In aqueous solution 
hydrolysis of stannic chloride occurs, with the formation of 
stannic and hydrochloric acids. 

Compounds similar to the above mentioned hydrates are 
formed by the interaction of stannic chloride and alcohols and 
ethers; these reactions are extremely vigorous, and, in the case 
of ethyl ether, the formation of the additive compound takes 
place with explosive violence. The liquid combines with a large 
number of organic and inorganic substances to form crystalline 
double salts; it has powerful solvent properties analogous to 
those of carbon disulphide. 

Stannic chloride is prepared technically by the ‘action of 
chlorine on tin; the reaction is exothermic. The heat of formation 
is calculated to be about 128,400 calories. The liquid is without 
action on brass, aluminium, cast iron, and steel.—(U.S.A. 
Report.) 


Physiological Properties —The substance acts as a respiratory 
irritant. In animals exposed to the vapour, irritation of the 
eyes, salivation, and dyspnoea were produced. The toxic con- 
centration for mice for an exposure of 30 minutes was found to 
be 1 in 11,637 (1-0 mgm. per litre) —(U.S.A. Report.) 


(Revised to 28/8/18.) 


CXXVI. 1. 


SuteHurR Dioxipe. (Sulphurous Anhydride.) SO,. 


General Properties —Mol. wt., 64. Weight of I litre of gas 
— 2-861 grams. A colourless gas with a most pungent odour. - 
The density relative to air is 2-21. The gas is liquefied at 
atmospheric pressure by cooling to a temperature of about 
— 15° C., and at ordinary temperature by the application of a 
pressure of 3 atmospheres. Liquid sulphur dioxide boils at 
— 8° C. and solidifies at — 76° C.; its density at 0° C. is 1-43. 
The gas is very soluble in water; 1 volume of water at ordinary 
temperature dissolves 50 volumes of sulphur dioxide, the solution 
containing sulphurous acid. It is most’ easily prepared on a 
laboratory scale by the action of hot concentrated sulphuric 
acid on metallic copper. 


Physiological Properties —The gas acts as a . lachrymator and 
respiratory irritant, affecting chiefly the upper air-passages. 


Action on Man— 
A concentration of 1 in 500 (5-72 mgm. per ibe produces 
intolerable irritation of the eyes and upper respiratory 
tract, but has no permanent ill-effects. 


Action on Rats— 

Exposure for several hours to a concentration of 1 in 500 
caused much irritation, but was not fatal. 

A concentration of 1 in 333 (8-583 mgm. per litre) was fatal 
after 14 hours; 1 in 166 (17-235 mgm. per litre) caused 
death in about half-an-hour and 1 in 1438 (20-0 mgm. 
per litre) was fatal in 7 minutes. 


(Revised to 23/8/18.) 
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CXXVIET. 1. 


SULPHURYL CHLORIDE. SO,Cl,. 


General Properties—Mol. wt., 135. Weight of 1 litre of 
vapour = 6-027 grams. A colourless, mobile liquid, fuming 
strongly in air. B. Pt., 70° C. The density at 20° C. is 1-667. 
The liquid reacts with small quantities of water to form chlor- 
sulphonic acid; it is slowly and completely hydrolysed by water 
at ordinary temperatures, with the formation of sulphuric and 
hydrochloric acids. 

Sulphuryl chloride is prepared by the direct union of sulphur 
dioxide and chlorine in the presence of a catalyst (camphor), or 
by the action of phosphorus pentachloride on sulphur trioxide. 

Physiological Properties —The substance is a weak respiratory 
irritant, 

Action on Cats— 

Exposure for 15 minutes to a concentration of 1 in 1,800 
(3°348 mgms. per litre) produced only temporary irrita- 
tion; a concentration of 1 in 500 (12-054 mgms. per 
litre), after similar exposure, proved fatal in 6 hours.— 
(Hardy.) 

(Revised to 26/8/18.) 





CXXIX. 1. 


ac-'TETRAHYDRO-$-NAPHTHYLAMINE. (C,H, : (C,H,.NH,). 
CigkligN. 


General Properties—Mol. wt., 147. Weight of 1 litre of 
‘vapour = 6-562 grams. A clear, colourless liquid, soluble in 
water and alcohol; B. Pt., 249° C. at 710 mm. The density at 
20° C. is 1-031. 

The substance is obtained on reduction of f-naphthylamine 
by the addition of sodium to a boiling amyl alcohol solution. 


Physiological Properties—The vapour of the substance is 
stated to have a marked effect upon the eyes, causing dilation 
of the pupils, and the liquid, when taken: internally, causes a 
definite rise in body-temperature. It was found, however, © 
that the substance had no powerful irritant action and was not 
highly toxic. | 

Action on Man— 

Exposure for 2 minutes to a concentration of 1 in 1,000 
(6-562 mgm. per litre) had no effect on the eyes. 

Action on Animals— 

Guinea pigs and rats were exposed for 1 hour to a concen- 
tration of 1 in 1,000. No evidence of incapacitating 
effects was obtained.—( Hill.) 


(Revised to 27/8/18.) 
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CXXX. 1. 


THIONYL ANILINE. C,H,.N:SO. 


General Properties —Mol. wt., 139. Weight of 1 litre of 
vapour = 6-205 grams. An orange-coloured liquid with a 
characteristic smell, strongly resembling that of sulphur chloride. 
B. Pt., 200° C. Density at 15° C. = 1-236. It dissolves in 
acetone and petroleum ether. 

Thionyl aniline is obtained by the interaction of thionyl 
chloride and aniline. 


Physiological Properties —The substance is a lachrymator 
and respiratory irritant; its effects are very similar to those 
produced by sulphur dioxide. 


Action on Man— ) 

In the following experiments, the concentrations were 
obtained by spraying solutions of thionyl aniline in 
acetone and petroleum ether. The period of exposure 
was 3 minutes :— 


1 in 75,000 (0-0827 mgm. per litre) produced lachry- 
mation and irritation of the nose and throat. One 
observer did not lachrymate, but felt much pain in 
the eyes. | 

1 in 37,000 (0:1677 mgm. per litre) produced similar 
effects and could just be tolerated for 3 minutes. 

1 in 10,000 (00-6205 mgm. per litre) caused lachry- 
mation, severe pain in the chest, and a feeling of 
asphyxiation, which forced all the observers to 
withdraw in less than 30 seconds.—(A.G.D. Report.) 


(Revised to 27/8/18.) 
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CXXXI. 1. 


THIONYL CHLORIDE. SOCI,. 


General Properties —Mol. wt., 119. Weight of 1 litre of 
vapour = 5-312 grams. The substance, when pure, is a colour- 
less liquid with a pungent odour. B. Pt., 78° C. and density = 
1-67. It is hydrolysed by water with the formation of sul- 
phurous and hydrochloric acids. 

Thionyl chloride is prepared by the interaction of sulphur 
dichloride and sulphur trioxide. The liquid has no action on 
cast iron and steel, under conditions which prevent the access 
of moist air. 


Physiological Properties —A weak respiratory irritant. 
Action on Cats— | 
Exposure for 15 minutes to a concentration of 1 in 1,500 
(3-54 mgms. per litre) occasioned only temporary irrita- 
tion. A similar exposure to a concentration of 1 in 500 
(10-62 mgms. per litre), however, caused death in 
124 hours.—(Cushny.) 
Action on Rats— | 
Exposure for 30 minutes to 1 in 500 was not fatal.—(Golla.) 


(Revised to 28/8/18.) 





CXXXII. 1. 


THIonyL FiuoripE. SOF,. 


General Properties.—Mol. wt., 86. Weight of 1 litre of gas = 
3:839 grams. The substance is a colourless gas, which decom- 
poses rapidly in moist air to form sulphurous and hydrofluoric 
acids. 


Physiological Properties. 
respiratory irritant. 


Action on Cats— 

Exposure for 20 minutes to a concentration of 1 in 1,097 
(3-5 moms. per litre) was not fatal. 

Concentrations of 1 in 698 (5-5 mgms. per litre) and 1 in 
640 (approx.) (6-0 mgms. per litre) likewise had no 
lethal effect after similar exposure. 

Salivation and sneezing were produced, but no other 
symptoms of irritation were observed; post-mortem 
examination showed no pathological changes.—(Aill.) 





Thionyl fluoride acts as a weak 


Action on Mice— 

The lethal concentration for an exposure of 10 minutes was 
found to be 1 in 590 (6-5 mgms. per litre).—U.S.A. 
Report.) 

(Revised to 28/8/18.) 
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CXXXIIT. 1. 


THIOPHOSGENE. (Thiocarbonyl Chloride.) CSCI). 


General Properties —Mol. wt., 115. Weight of 1 litre of 
vapour = 5-134 grams. A mobile, orange-red liquid, with a 
disagreeable and penetrating odour. B. Pt., 73° C. The varia- 
tion of the density with rise in temperature is as follows :— 


aC D. 
lip aN wie AP My Ses Ree ee ante G0 
CLO) eee ye ee ae a Se 
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ea US seh ee eee 


—(Baker.) 


The coefficient of expansion for a range of temperature from 
12-4° to 68° C. is thus 0-00122; alternatively, for this range of 
temperature, the expansion is equal to 6-82 per cent. by volume. 


The vapour pressure of the liquid at different temperatures is 
given below :— 


Vapour Pressure 
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—(A.G.D. Report.) 


Thiophosgene polymerises on standing in sunlight to the ’ 
erystalline compound C,8,Cl,; the latter melts at 116°, and at 
180° C. is reconverted into thiophosgene. 


Thiophoggene is insoluble in water, but dissolves in petroleum 
ether. In contact with cold water it is stable, but on heating it 
decomposes completely, after several hours, into carbon dioxide, 
hydrochloric acid, and hydrogen sulphide. 


The substance is prepared by the interaction of carbon 
_ disulphide and chlorine to form thiocarbonyl tetrachloride, 
and by subsequent reduction of this compound by tin and 


(see over) 


CX XK RAT, 1. 


hydrochloric acid. The liquid is without action on cast iron 
and steel. | 

Physiological Properties —Thiophosgene acts chiefly as a 
respiratory irritant and lethal agent, resembling chloropicrin, 
phosgene, and perchloromethyl mercaptan in toxic power. 
Inhalation of the vapour produces dyspnoea, congestion of the 
pulmonary parenchyma, and acute cedema of the lungs. In 
low concentrations the gas causes nausea, irritation of the eyes, 
nose and throat, and coughing. From experiments with animals, 
it is shown to be rather less poisonous than phosgene and more 
poisonous than chloropicrin.—(C.C.P. Report. A.G.D. Report. 
U.S.A. Report. French Report.) 


Action on Man— 

In the following experiments. the concentrations were 
obtained by spraying solutions of the substance in 
petroleum ether. The period of exposure in each case 
was 3 minutes. 

1 in 1,000,000 (0-005134 mgm. per litre) was detected 
by all the observers on account of the nauseating 
smell. One observer experienced slight irritation 
of the eyes. 

1 in 500,000 (0:0103 mgm. per litre) produced slight 

. eye irritation. 

1 in 250,000 (0-0205 mgm. per litre) caused distinct 
lachrymation in one case, while all the observers 
found the nauseous smell and taste -extremely 
offensive. 

1 in 125,000 (0:0411 mgm. per litre) produced similar 
effects, but more marked in intensity. The same 
concentration obtained by evaporation was more 
offensive; lachrymation, coughing, and irritation 
of the nose and throat and nausea, were produced, 
and the atmosphere could not be tolerated for 
more than 3 minutes.—(A.G.D. Report.) 


Action on Dogs— 
Exposure for 30 minutes to different concentrations had 
the following results :— 

1 in 10,000 (0-51 mgm. per litre) was not fatal. 

1 in 5,000 (1-027 mgm. per litre) was fatal to two 
animals after 1-3 days; two others survived the 
exposure. 

1 in 2,500 (2-054 mgm. per litre) and 1 in 1,283 
(4 mgm. per litre) were fatal after 24 hours. By . 
injection, 0-1 gram per kilogram weight of animal 
was not lethal.—(french Report.) 

(continued) 


CXXXIII. 1. 


Action on other Anvmals— 
A table is given below showing the times of exposure in 
minutes necessary to produce ultimate death for various 























animals :— 
Concentrations. 
ip oe ie Mies Mon- Rab- | Guinea 
Cie. Liquid | G°9**| keys, | Poss: | Cate: | isa. | Bigs. | ate 
By | Mgm, per | er Cubic 
Volume. Litre. P M | 
etre. 

1 in 20,000 0:26 0-17 >30; 10 300) > 307> S30 20 15 
1in 10,000, 0-513 0:34 30) le SG 30 10 > 30 10 10 
1 in 5,000 1-02 | 0-7 15 2 15 5 20 3 2 
1 in 2,000 2-6 1-7 5 1 | 5 1 7 1 eek 
1 in 1,000 5-13 3° 4 3 <r 3 1 >3 <i] 1 























(C.C.P. Report.) 


A further table is given which shows the toxic effects of 
exposure for 5 minutes to a concentration of 1 in 1,000 :— 


(1/2 signifies that one of two animals died.) 




















; - Time after which Death : Guinea : 
Concentration. Be cuinocle Cats. | Rabbits. Pigs. Rats. | Mice. 
1 in 1,000 Immediately after exposure | 0/3 0/3 0/3 0/3 0/3 
1 hour 0/3 0/3 1/3 0/3 0/3 
2 hours 0/3 0/3 1/3 0/3 0/3 
24 hours 3/3 2/3 3/3 3/3 3/3 











(Hill.) 


Graphs showing the relationship between the three forms in 
which concentrations of the vapour may be expressed will be 
found in the Appendix. 


(Revised to 27/8/18.) 
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CXXXIV. 1. 


_THIOPHOSPHORYL CHLORIDE. (Phosphorus Sulphochloride.) PSCl,. 


General Properties.—Mol. wt., 169-5. Weight of 1 litre of 
vapour = 7:567 grams. A colourless liquid with a pungent, 
slightly aromatic smell. B. Pt., 125-126° C. The density at 
0° C. is 1-681. It is decomposed by water, but dissolves in 
ether and benzene. 

The substance is prepared by the action of phosphorus penta- 
sulphide on phosphorus pentachloride. 


Physiological Properiies—Thiophosphoryl chloride acts as a 
respiratory irritant, but may have in addition an effect on the 
central nervous system. in fatal cases-of poisoning, death was 
preceded by loss of power in the extremities. 


Action on Man— 
The concentrations noted below were obtained by spraying 
solutions of the substance in ether; the exposure in each 
case was 3 minutes :— 


1 in 1,000,000 (0-00756 mgm. per litre) caused slight 
irritation of the eyes and throat. 

1 in 100,000 produced slight lachrymation and an 
unpleasant taste. In one case a feeling of con- 
striction in the chest was experienced, followed by 
coughing, which lasted several days.—(A.G.D. 
heport.) 


Action on Rats— 

Exposure for 1 hour to a concentration of 1 in 10,000 
seldom has fatal results. 

A concentration of 1 in 5,000 (1-513 mgm. per litre) 
proved fatal in 40 minutes, and a concentration of 1 in 
1,000 (7-567 mgm. per litre) caused death within 20 
minutes. 

Post-mortem examination showed evidence of bronchial 
irritation and excessive secretion. 


(Revised to 20/8/18.) 
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CXXXV. 1. 


Tirantum TETRACHLORIDE. TiCl,. 


General Properties—Mol. wt., 190. Weight of 1 litre of 
vapour = 8-482 grams. A colourless, highly refractive liquid, 
fuming strongly in air, B. Pt., 136°C. At — 25° C. it solidifies. 
The following table shows the variation of the density with 
change of temperature, the material used being a comparatively 
pure specimen— 


TO D. 
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Pyah Report.) 


the coefficient of expansion between 0° and 30°. C. being 
0:00092. <A further determination of the coefficient of expan- 
sion, using more highly purified material, gave the value for the 
range — 15° to + 50° C., 0-00100. 

Titanium tetrachloride reacts vigorously with water, decom- 
posing to form hydrochloric and titanic acids. It is prepared 
by the action of chlorine on a red-hot mixture of titanium 
dioxide and carbon, or on titanium carbide. The liquid has 
little corrosive action on lead or steel. 


Physiological Properties —The vapour causes irritation of the 
eyes and nose, and, on inhalation, produces dyspnoea, followed 
by depression and coma. 

Action on Mice— 

The toxic concentration was found to be from 1-2 mgms. 
per litre, approximately 1 in 8,500 to 1 in 4,200, for an 
exposure of 10 minutes.—(U.S.A. Report.) 


(Revised to 7/9/18.) 
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ToLuENE. C,H;.CHs. 


General Properties—Mol. wt., 92. Weight of 1 litre of 
vapour = 4-107 grams. A colourless liquid, B. Pt., 110° C. 
The density at 13° C. is 0-8708 and at 16° C., 0-869. 

Toluene is obtained technically in the distillation of coal-tar ; 
it is insoluble in water, slightly soluble in alcohol and more 
readily so in ether. 3 


Physiological Properties —The vapour when inhaled in large 
quantities, e.g., at a concentration of 1 in 66 (62-23 mgms. per 
litre), has a rapid narcotic action and, in addition, causes 
irritation of the respiratory tract. 


Action on Rats— | 
Exposure to concentrations lower than 1 in 200 (20-535 
mems. per litre) had no apparent effect. 


(Revised to 29/8/18.) 





OXAXVIT. 5. 


TRICHLORACETONITRILE. (Trichloromethyl Cyanide.) 
CCl,.CN. 


General Properties——Mol. wt., 144:5. Weight of 1 litre of 
vapour = 6-451 grams. A colourless liquid, B. Pt., 84-86° C. 
The density at 12° C.is 1-439. <A table showing the vapour 
pressure at different temperatures is given below :— 


Vapour Pressure 
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—(A.G.D. Report.) 


Trichloracetonitrile is prepared by the action of phosphorus 
pentoxide on trichloracetamide; it dissolves in petroleum ether. 
The substance exhibits the usual properties of a nitrile. 


Physiological’ Properties.—Trichloracetonitrile is a powerful 
lachrymator and is of the same order of offensiveness in this 
respect as chloropicrin. It is, however, only slightly toxic.— 
(C.C.P. 4501. A.G.D. Report.) 


Action on Man— 


The following concentrations were obtained by spraying 
a solution of the substance in petroleum ether; the 
period of exposure in each case was 3 minutes :— 


1 in 50,000,000 (0:00013 mgm. per litre) was not 
detectable. 

1 in 10,000,000 (0:00064 mgm. per litre) could just be 
detected. 

1 in 500,000 caused slight lachrymation. 

1 in 100,000 caused severe lachrymation; two 
observers had to withdraw after 1 minute, while 
two others remained in the atmosphere for 
3 minutes without serious discomfort. 

1 in 50,000 could be endured for 30 seconds; break- 
down of the observers was caused by lachrymation 
and violent coughing. No acute pain in the eyes 
was felt and the lachrymatory effect passed off 
quickly.—(A.G.D. Report.) 


(see over) 
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Action on Animals— 
The toxicity of the substance for different animals is shown 
in the following table :— 


(1/2 signifies that one of two animals died.) 








Concentration aes Mon- Rab- | Guinea 
by Spraying the in | Goat.| poy, | Dog. | Cat. | “bi, | ‘Pig, | Rat. 
ue Minutes. 
1 in 10,000 30 0/2 Of) - |, 0/2 0/2 0/2 0/2 1/2 
1 in 5,000 30 0/2 0/1 0/2 1/2 1/2 0/2 1/2 





























During exposure, the animals showed varying degrees of 
irritation; post-mortem examination showed signs of 
injury to the lung in the case of one guinea pig.— 
(O.C.P. 4501.) 


Action on Cats— 

Exposure for one hour to a concentration of 1 in 20,000 
(0-322 mgm. per litre) produced strong irritation of the 
eyes and nose, but had no permanent ill-effects. 

A concentration of 1 in 5,000 caused lachrymation and 
frothing at the mouth. After one hour’s exposure 
the animal appeared to be very ill, but had completely 
recovered within 24 hours. 

A concentration of 1 in 1,000 caused lachrymation, 
dyspnoea, and eoResen0n of the lungs. Death occurred 
after 28 minutes. 


(Revised to 2/9/18.) 
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TRICHLORACETYL CHLORIDE. (Perchloracetaldehyde.) 
CCl,.COCL. 


General Properties—Mol. wt., 182. Weight of 1 litre of 
vapour = 8-125 grams. A colourless liquid, B. Pt., 118° C. 
It can be obtained by the oxidation of tetrachlorethylene. 

Physiological Properties.—The substance has a weak lachry- 
matory action and is not highly toxic.—(Collingwood. Golla.) 


(Revised to 28/8/18.) a” 
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TRICHLORHYDRIN. (a-B-y-Trichloropropane; Glyceryl  Tri- 
chloride.) CH,Cl.CHCI.CH,CI. 


General Properties —Mol. wt., 147:5. Weight of 1 litre of 
vapour = 6-585 grams. A colourless liquid, with an odour 
somewhat similar to that of chloroform. B. Pt., 158° C. The 
density at 0° C. is 1-41. The liquid is sparingly soluble in 
water, but dissolves readily in alcohol, petroleum ether and 
carbon tetrachloride. It may be prepared by the interaction 
of phosphorus pentachloride and dichlorhydrin.—(French Report.) 


Physiological Properties.—Trichlorhydrin possesses anzesthetic 
properties, but has no action as an irritant, vesicant or lethal 
agent.—(rench Report.) 

Action on Man— 

A concentration of 1 in 500,000 (0:01317 mgm. per litre) 
obtained by spraying a solution in petroleum ether, 

_could not be detected.—( Wolf.) 

Action on Rabbits— 

Injection of 0-5 c.c. of the liquid produced general 
symptoms of anesthesia but no definite injurious effect.— 
(French Report.) 

Action on other Animals— 

A table is given below showing the lethal effect of the 
substance for different animals within 24 hours after 
exposure :— 


(1/2 signifies that one of two animals died, Le 











Time of 
Concentration by Heat | Exposure, | Care Rock Mice. 
Dispersal. in 
Minutes. 
1 in 1,000 (6-585 mgm. Daa Wena (a 0/8 0/3 
per litre). | 
1 in 500 (13-170 mgm. 20 oe OTe 1/3 0/3 
per litre). | (2/3 within 48 
hours). 

















On removal from the atmosphere, rats showed evidence of 
inability to control movement. No other symptoms were 
observed.—(Hill.) 


(Revised to 30/8/18.) 
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CXL. 1. 


TRICHLOROMETHYL CHLOROFORMATE. (Diphosgene.) 
Cl.COOCCI,. | 


General Properties—Mol. wt., 198. Weight of 1 litre of 
vapour = 8-839 grams. An oily liquid with a disagreeable, 
suffocating smell. B. Pt., 128° C. The density at 14° C. is 
1-652; the vapour pressure at different temperatures is as 
follows :— 3 


Vap. Press. 
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As partial decomposition of the substance commences, under 
atmospheric pressure, at 30° C., the values given for the vapour 
pressure above that temperature must be regarded as approxi- 
mate.—(A.G.D. Report.) 


‘Trichloromethyl chloroformate decomposes on heating to 
give phosgene. It is prepared by the complete chlorination of 
methyl formate or of chloromethyl chloroformate (q.v.). The 
substance has no corrosive action on lead, aluminium, steel or 
nickel. ; 


Physiological Properties —The substance acts as a lachry- 
mator, respiratory irritant, and lethal agent. It produces effects 
similar to those of phosgene and causes death by means of its 
action on the lungs. It has been found to be lethal when acting 
for long periods of time in very low concentrations. 


The symptoms observed in animals during exposure to the 
gas are not very severe; irritation of the eyes and upper re- 
spiratory tract, difficulty in breathing, marked depression and, 
frequently, cyanosis are produced. Subsequent to exposure the 
symptoms are not more marked; evidence of general esthenia 
and greater respiratory difficulty precedes death, which is 
hastened by exertion. Animals surviving exposure may develop 
bronchitis.—(U.S.A. Report.) 


Action on Man— — | 
In experiments designed to ascertain what concentration 
could be breathed for about 3 minutes without break- 
down, the following results’ were obtained :— 
16 observers were exposed in each case. 


(see over) 
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(a) Breathing by the mouth only, with the eyes protected :-— 


1 in 500,000 (0-0176 mgm. per litre)—2 broke down. 
I in 333,000 (0-0265 mgm. per litre)—8 broke down. 
1 in 250,000 (0:0353 mgm. per litre)—3 broke down. 
1 in 200,000 (0: 0442 mgm. per litre)—1 broke down. 
I in 166,000 (0- 0532 mgm. per litre)—2 broke down. 


(5) Breathing by the nose, with the eyes unprotected :— 


1 in 500,000—2 broke down. 
1 in 333,000—6 broke down. 
J 1 in 250,000—5 broke down. 
1 in 200,000—3 broke down. 


Action on Dogs— 

The toxic concentration for an exposure of 34 minutes is 
approximately 1 in 8,000 (1-105 mgms. per litre) and, 
for an exposure of 4 hours, is'1 in 200,000 (0:0442 mgm. 
per litre).—(U.S.A. Report. ) 

A concentration of 1 in 20,000 was not fatal after 1 hour’s 
exposure; little immediate effect was produced, but 
coughing and vomiting resulted 24 hours later. 

1 in 5,000 (1-768 mgms. per litre) caused irritation of the 
eyes after exposure for 10 minutes.—( Bainbridge.) 


Action on Cats— 

Exposure for 1 hour to 1 in 40,000 (0-221 mgm. per litre) 
was not fatal; similar exposure to 1 in 20,000 caused 
death in» 12 hours. 

A concentration of 1 in 7,000 (1-263 mgms. per litre) was 
fatal on account of lung cedema, death occurring 48 
hours after an exposure of 5 minutes. 


Action on Rabbits— | 

Exposure for 30 minutes to a concentration of 1 in 20,000 
caused death in 24 hours; exposure for the same interval 
to 1 in 27,000 (0-327 mgm. per litre) may prove fatal 
in 24 hours, but usually does so within 3 days. 

Action on Mice— 

A concentration of 1 in 100,000 was not fatal after 15 
minutes’ exposure; a concentration of 1 in 50,000 
(0-177 mgm. per litre) caused death within 20- 24 hours 
after a similar exposure.—(Barcroft.) 

The toxic concentration for an exposure of 10 minutes was 
found to be 1 in 44,000 Oh 2 mem. per litre).—(U.S.A. 
Report.) | 

(Revised to 31/8/18.) 
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r Va 7 
[RICHLOROMETHYLSULPHONIC CHLORIDE. SO, q 
| Cl. 


General Properties—Mol. wt., 218. Weight of 1 litre of 
vapour = 9-732 grams. A solid, with a penetrating odour 
resembling that of camphor; M. Pt., 135° C.; B. Pt., 170° C. . It 
is readily soluble in alcohol, ether and acetone. 

Trichloromethylsulphonic chloride is obtained by the inter- 
action of carbon disulphide and moist chlorine gas. 


Physiological Properties —The vapour of the substance is 
lachrymatory and slightly irritant. 


Action on Man— 
A concentration of 1 in 190,000 (0:0512 mgm. per litre), 
obtained by spraying a solution in acetone, was objection- 
able on account of the pungent odour, but produced only 
mild irritation of the eyes, nose and throat. 


Action on Cats— 
A concentration of 1 in 5,000 (1-946 mgms. per litre) pro- 
duced lachrymation and salivation, but after an exposure 
of 20 minutes the animal remained normal.—(Cushny.) 


(Revised to 20/8/18.) 
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CCl, 
TRICHLORONITROETHYLENE. (Dipicrin.) | 


CC1.NO,. 


General Properties—Mol. wt., 176-5. Weight of 1 litre of 
vapour = 7-879 grams. A liquid which decomposes on dis- 
tillation under atmospheric pressure. At a pressure of 20 mm. 
it distils at 45° C. It is insoluble in water and reacts with it 
to give hydrochloric acid, but is soluble in ether, petroleum ether 
and carbon tetrachloride. 


The substance is prepared by the action of fuming nitric acid 
on trichloroethylene. 


Physiological Properties.—Trichloronitroethylene is a powerful 
_ lachrymator. 

In the following experiments the material was used in the 
crude state as a brownish yellow liquid, fuming in air and having 
a somewhat suffocating odour; density = 1-56. 

Action on Man— 7 

The concentrations were obtained by spraying a solution 
of the substance in petroleum ether :— 

1 in 1,000,000 (0:00788 mgm. per litre) was detectable 
by smell and by a slight pricking sensation in the 
eyes. 

1 in 250,000 (0-0315 mgm. per litre) caused lachry- 
mation and pain in the eyes. - 

All the observers remained in the atmosphere 
for 3 minutes, but one reached the limit of tolerance 
as regards lachrymation. 

1 in 100,000 produced. copious lachrymation; one 
observer withdrew after 1 minute, but two others 


were just able to endure exposure for 3 minutes.— 
(A.G.D. Report.) 


Distillation of this crude material gave three fractions, all 
of which were similarly tested. The lowest fraction, 
B. Pt. 70—-80° C. at 60 mm., had no lachrymatory effect ; 
the main fraction, B. Pt., 80-100° C. at 60 mm., was 
strongly lachrymatory, a concentration of 1 in 250,000 
producing effects approximately the same as 1 in 100,000 
of the crude liquid; the highest fraction, B. Pt. over 
100° C. at 60 mm., caused more severe lachrymation, 
which was, however, not highly persistent, and, in 
addition, produced irritation of the nose and throat.— 
(A.G.D. Report.) 


(Revised to 31/8/18.) 
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CXLITI. 


TRIPHENYLANTIMONY Drpromipk. (Triphenylstibine 
Dibromide.) (C,H;),Sb.Brg. 


General Properties—Mol. wt., 511. Weight of 1 litre of 
vapour = 22-812 grams. A colourless solid, crystallisimg in 
flat needles, M. Pt., 216° C. It is sparingly soluble in volatile 
organic solvents. 

Triphenylantimony dibromide is obtained by the direct union 
of triphenylstibine and bromine. 


Physiological Properties.—The substance is not a respiratory 
irritant per se, but the fumes obtained by heating the compound 
are active in this sense; it is thus exactly similar in action to 
the corresponding dichloride (q.v.), and produces effects of the 
same degree of intensity. 


Action on Man— 

In the experiments recorded below, the period of exposure 
for each test was 5 minutes; the concentrations were 
obtained by heat dispersal :— 

1 in 14,000,000 (0-00163 mgm. per litre) produced 
irritation of the nose and throat and salivation. 

1 in 7,000,000 (0-00326 mgm. per litre) produced more 
marked irritation of the nose and throat. 

1 in 5,000,000 (0:00456 mgm. per litre) caused throat 
irritation which was just tolerable. 

Similar exposure to 1 in 5,000,000, obtained by spraying 
a solution of the substance in chloroform, had no 
irritant effects —(A.G.D, Report.) 

Action on Dogs— 

Exposure for 30 minutes to a concentration of 1 in 5,700 
(4mgms. per litre), obtained by spraying a solution of the 
substance in benzene, was not fatal. Post-mortem 
examination showed that very slight lung injury had 
been produced.—(French Report.) 


(Revised to 29/8/18.) 
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CXLIV. 1. 


_ TRIPHENYLANTIMONY. DICHLORIDE. (Triphenylstibine 
Dichloride.) (C,H,;),SbCl,. 


General Properties—Mol. wt., 422: Weight of 1 litre of 
vapour = 18-839 grams. A solid, crystallising in colourless 
needles, M. Pt., 143° C. It is insoluble in water, and does not 
undergo hydrolysis in contact with it; it dissolves readily in 
ether. | 

Triphenylantimony dichloride is obtained by the chlorination 
of triphenyl stibine, and by the interaction of antimony tri- 
chloride and mercury diphenyl in dry xylene at 130° C. 


Physiological Properties.—In itself the compound is not an 
irritant. When vaporised by heat, however, it gives rise to 
irritant fumes which are extremely unpleasant, but which have 
no incapacitating effects. Contrary to the results obtained with 
diphenylchlorarsine, symptoms of irritation are experienced 
immediately on exposure, and diminish after withdrawal from 
the atmosphere. In atmospheres which are just tolerable, the 
irritant effects produced are less disagreeable than those caused 
by similar concentrations of the corresponding aromatic halogen 
compound of bismuth (q.v.). 


Action on Man— 
The following concentrations were obtained by vaporisa- 
tion by heat, the period of exposure being in each case 
5 minutes. 
1 in 11,500,000 (0- 00164 mgm. per litre) produced salivation 
and slight irritation of the nose and throat. 
in 6,000,000 (0-00314 mgm. per litre) produced similar 
effects, but these were more marked in intensity. 
in 4,000,000 (0-00471 mgm. per litre) caused irritation of 
the throat and could just be tolerated. This concen- 
tration, however, when obtained by spraying a solution 
of the substance in ether, had no irritant effects.— 
(A.G.D. Report.) 


(Revised to 29/8/18.) 
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CXLY. 1. 


TRIPHENYLARSENIC BromMIDE. (Triphenylarsine Dibromide.) 
(C,H;)sAsBr,. | 


General Properties—Mol. wt., 466. Weight of 1 litre of 
vapour = 20-804 grams. A colourless crystalline substance, 
M. Pt., 215° C. It is prepared by the union of triphenylarsine 
and bromine. 


Physiological Propertues—A weak sternutator and irritant. 
It is much less active in these respects than the corresponding 
chloride. 


Action on Dogs— 
A concentration of 1 in 10,000 (2-08 mgms. per Litre) had 
no lethal effect after exposure ‘for 30 minutes. 
On injection, 0-05 gram of the substance per kg. weight of 
animal was not fatal.—(French Report.) 


(Revised to 5/9/18.) 





CXEVI,. 1. 


TRIPHENYLARSENIC CHLoRIDE. (Triphenylarsine Dichloride.) 
(C,H;),AsCl,. 


General Propertves——Mol. wt., 377. Weight of 1 litre of 
vapour = 16-830 grams. A solid, crystallising in colourless 
plates; M. Pt., 204-205° C. It dissolves in alcohol, acetone and 
benzene, and is prepared by direct union of triphenylarsine and 
chlorine. 


Physiological Properties —When vapourised by heating tri- 
phenylarsenic dichloride acts as a _ sternutator, respiratory 
irritant, and lethal agent. The effects produced in man, by 
exposure to the vapour in comparatively low concentrations, 
are similar to those caused by diphenylarsenious chloride and 
include the following symptoms: irritation of the nose, throat 
and chest, sneezing, salivation, intense discomfort and severe - 
headache, nausea, slight irritation of the skin, general malaise 
and mental depression. Irritation of the eyes results only after 
exposure to the vapour in larger doses, and is characterised by a 
sensation akin to that of gritty particles striking the cornea. | 
There is evidence that the substance itself has little or no 
irritant properties but that, on heating, it yields a trivalent 
arsenic compound possessing the above-mentioned effects. All 
the pentavalent arsenic compounds tested appear to be similar 
in this respect. 


Pathological examination of animals which succumbed to the 
effects of the gas shows that the injuries are generally confined 
to the respiratory tract; the epithelium of the trachea and bronchi 
is destroyed and an abundant inflammatory exudate produced, 
which causes great obstruction of the air-passages. In some 
cases there may be wide-spread pulmonary cedema, but the 
relative intensity of the bronchial and alveolar changes varies in 
different animals.—(C.C.P. 4414.) 


In comparison with diphenylarsenious chloride, the substance 
is of the same order as regards toxicity, but is much less powerful 
in its irritant action on the upper respiratory tract.—(C.C.P. 
4119.) | 


Action on Man— 


Results obtained from experiments with the material in 
the crude state do not differ greatly from those in which 
the pure substance was used. 

The following concentrations were obtained by heat 
dispersal of the impure substance; the period of 
exposure was 5 minutes :-— 

1 in 100,000,000 (0-000168 mgm. per litre), and _ 

1 in 66,000,000 (0-000255 mgm. per litre) produced 
slight irritation of the nose and throat. The effects 
did not increase in intensity after withdrawal from 
the vapour. 

(see over) 


CXLVI. 1. 


1 in 37,000,000 (0-000455 mgm. per litre) caused 
similar irritation, slightly more marked. 
1 in 25,000,000 (0-000673 mgm. per litre) produced 
irritation, accompanied by a burning sensation in 
the throat and chest. 
1 in 18,000,000 (0-000934 mgm. per litre) was more 
strongly irritant and caused considerable pain in 
the 
tolerated by most observers for 5 minutes.— 
(A.G.D. Report.) 


A similar series of experiments, in which pure triphenyl- 
arsenic chloride was used, showed the effects to be some 
what less marked, a concentration of 1 in 10,000,000 
(0:00168 mgm. per litre) producing only slight irritation 
after exposure for 3 minutes.—(C.C.P. 4119.) 


head. 


Action on Animals— 
A table showing the toxicity of the substance for different 


animals is given below :— 


This concentration could just be 





| 
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In the surviving animals, the number of substantial 


casualties produced was much lower than was the case 
with corresponding concentrations of diphenyl chlor- 
arsine.—(C.C.P. 4140.) 


Action on Dogs— 
Injection of 0-05 grams per kg. of animal was not fatal.— 
(French Report.) 


(Revised to 3/9/18.) 
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TRIPHENYLARSENIC HYDROXIDE. (Triphenylarsine 
Dihydroxide.) (C,H;),As.(OH),. 


General Properties —Mol. wt., 340. Weight of 1 litre of 
vapour = 15-178 grams. A solid, crystallising from water in 
plates or needles; M. Pt., 115-116° C. It is readily soluble in 
aleohol, and is prepared by the action of ammonia or caustic 
soda on triphenylarsenic dichloride or dibromide respectively. 


Physiological Properties.—The substance acts as a respiratory 
irritant, but its effects are not wholly incapacitating and are less 
ageressive than those of diphenylchlorarsine. 


Action on Man— 

Exposure to a concentration of 1 in 3,000,000 (0: 00506 mgm. 
per litre), obtained by heat dispersal, caused irritation of 
the throat, but was just tolerable for 5 minutes. Saliva- 
tion was also produced, but the nasal effects were not 
marked.—(A.G.D. Report.) 


(Revised to 30/8/18.) 





CASI TE. 


TRIPHENYLARSINE. (C,H;);As. 


General Properties—Mol. wt., 306. Weight of 1 litre of 
vapour = 13-660 grams. A solid, crystallising in colourless, 
vitreous, triclinic plates, of M. Pt., 58-60° C. The specific 
gravity of the solid is 1-306. Liquid triphenylarsine boils, 
without decomposition, at a temperature above 360° C. The 
substance is insoluble in water, slightly soluble in cold alcohol, 
and readily soluble in ether and benzene. 

It may be prepared according to the Grignard reaction, viz., 
by the addition of arsenious chloride to phenylmagnesium 
bromide, or, more readily, by the regulated action of sodium on 
a mixture of arsenious chloride and chlorobenzene dissolved in 
benzene. 


Physiological Properties.—Triphenylarsine is a weak sternu- 
tator and respiratory irritant. It is far less powerful in action 
than the chloro-phenylarsine derivatives. 


Action on Rats— 

Exposure for one hour to a concentration of 1 in 5,000 
(2-732 mgms. per litre), obtained by evaporation, had no 
noticeable effects, and exposure for 14. hours to a con- 
centration of 1 in 1,000 (13-660 mgms. per litre) caused 
sneezing, but produced no severe symptoms of irritation. 


Action on Mice— 
A concentration of 1 in 5,000 had no irritant effects.—(Hill.) 


(Revised to 30/8/18.) 
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CXLEXS. 1. 


TRIPHENYLBISMUTH DICHLORIDE. (‘Triphenylbismuthine 
Dichloride.) (C,H;),BiCl,. 


General Properties.—Mol. wt., 510. Weight of 1 litre of 
vapour = 22-768 grams. The substance is a crystalline solid, 
insoluble in water, but readily soluble in acetone, which on heating 
melts, to give a greenish yellow liquid. On further heating 
decomposition occurs. 

Triphenylbismuth dichloride is obtained by direct union of 
bismuth triphenyl and chlorine. 


Physiological Properties—The substance per se has no 
irritant properties, but on being decomposed by heat gives rise to 
a trivalent bismuth compound, the vapours of which affect the 
upper air-passages. 

Action on Man— 

Exposure for 3-5 minutes to a nominal concentration of 
1 in 8,500,000 (0- 00267 mgm. per litre), obtained by heat 
dispersal, produced irritation of the throat. 

Similar exposure to a concentration of 1 in 11,500,000 
(0-00198 mgm. per litre), obtained by spraying an 
acetone solution of the substance, had no irritant effects. 

Note.—The concentration obtained by heat dispersal 
is nominal, owing to the fact that, after heating, a residue 


remains, equivalent to 25 per cent. of the one weight 
of substance used.—(A.G.D. Report.) 


(Revised to 30/8/18.) 
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TRI-p-TOLYLARSENIC BroMIDE.  (‘Tri-p-tolylarsine 
Dibromide.) (CH .C,H,),AsBry. 


General Properties —Mol. wt., 508. Weight of 1 litre of 
vapour = 22-678 grams. The substance is a colourless crystall- 
ine solid, M. Pt., 245° C.; it is obtained by the direct addition of 
bromine in carbon tetrachloride to tri-p-tolylarsine. 


Physiological Properties.—The compound is a weak respiratory 
irritant. 


Action on Man— 

Exposure for 5 minutes to a concentration of 1 in 7,000,000 
(0-00324 mgm. per litre), obtained either by spraying a 
solution of the substance in alcohol or by evaporation, 
produced no symptoms of irritation.—(A.G'.D. Report.) 


(Revised to 29/8/18.) 
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TRI-p-TOLYLARSENIC CHLORIDE.  (Tri-p-tolylarsine 
Dichloride.) (CH,.C,H,),.AsCl,. | 


General Properties—Mol. wt., 419. Weight of 1 litre of 
vapour = 18-705 grams. The substance is a crystalline solid, 
of M. Pt. 228-230° C., which reacts with hot water to give 
tri-p-tolyl-arsenic hydroxy-chloride [(CH 3.C,H,),As(OH)CI]. It 
is obtained by passing chlorine into a chloroform solution of 
tri-p-tolylarsine. | ? 


Physiological Properties.—Tri-p-tolylarsenic chloride acts as 
a weak respiratory irritant. 
Action on Man— | 

The time of exposure in each case was from 3-5 minutes. 

A coneentration of 1 in 5,700,000 (0-00328 mgm. per litre), 
obtained by heat dispersal, had no irritant effect. 

The same concentration, obtained by spraying a solution of 
the substance in alcohol, was likewise non-irritant.— 
(A.G.D. Report.) 

Note.—The corresponding tri-o-tolylarsenic chloride 
was also found to have only weak irritant properties ; 
it is slightly more powerful than the above-mentioned 
p-compound, but, in comparison with diphenylchlorar- 
sine, is practically ineffective —(A.G.D. Report.) 


(Revised to 29/8/18.) 
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XYLENES. C©,H,(CH,),. 


General Properties—Mol. wt., 106. Weight of 1 litre of 
vapour = 4-732 grams :— 
o-Xylene. M. Pt., — 28°, B. Pt., 142°C. Density at 
OF C= 7058932) 
m-Xylene. M. Pt., — 54°, B. Pt., 139°C. Density at 
OC. == 05 8812. 
p-Xylene. M. Pt., + 15°, B. Pt., 188°C. Density at 
0" Cl Orss0 ly 


The three isomers are insoluble in water, readily soluble in 
alcohol and ether. They are obtained technically in the dis- 
tillation of coal-tar, m-xylene being produced in largest proportion. 

o-Xylene may be prepared by the interaction of. o-brom- 
toluene, methyl iodide and sodium. 

p-Xylene is obtained by a similar reaction from p-brom- 
toluene or p-dibrombenzene, or by the distillation of camphor 
with zine chloride. 


Physvological Propertues— Xylene acts as a narcotic. 


Action on Rats— 
Concentrations lower than 1 in 200 (23:66 mgms. per litre) 
have no apparent effect. 


(Revised to 8/9/18.) 
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XYLYL Bromipes. (Methylbenzyl Bromides.) 
CH,.C,8 CH, Br. 


General Properties—Mol. wt., 185. Weight of 1 litre of 
vapour = 8-259 grams. 
o-Xylyl Bromide. M. Pt,, + 21°, B. Pt., 216-217° C. 
Density at 23° C. = 1:381. 
m-Xylyl Bromide. B. Pt., 185° C. at 340 mm. Density 
at 28 C= 1371. 
p-Xylyl Bromide. M. Pt., + 35°, B. Pt., 218-220° C. 


The substances are prepared by the bromination of com- 
mercial xylene at high temperatures, the crude product, employed 
without purification, consists of a mixture of xylyl bromides and 
dibromides. It has no corrosive action on lead and it is stated 
that, if perfectly dry, it does not attack iron or steel. 

Physiological Properties—Xylyl bromide is a powerful lachry- 
mator similar in action to benzyl bromide (q.v.). It is not 
highly toxic. ; . 

Action on Man--- | 

A concentration of 1 in 4,100,000 (0-002 mgm. per litre) 
causes lachrymation.—(U.S.A. Report.) 


(Revised to 5/9/18.) 





APPENDICES. 


APPENDIX I. 


On the following pages will be found graphs, showing the relationship 
between concentrations of the vapour of various substances expressed in 
the three units :— 

1. Volume of air containing one volume of vapour. 
2. Volume of liquid substance per cubic metre of air. 
3. Weight, in grams, of the substance per cubic metre of air. 


It is hoped that these curves will prove useful in facilitating the 
conversion of concentrations from one unit to another. Graphs have 
been drawn for the following substances :— 


Bes as 
Benzyl bromide - - - - Ta. 
Bromacetone - - - oi 16; 
Chlorine - - - - - oS te. 
Chloropicrin - - - “2 Ly 
Cyanogen alone - - - a he 
Dichlorethyl sulphide - - - =~ Tf. 
Diphenylarsenious chloride - = Tg. 
Ethyl iodoacetate - - - a eee 
Hydrocyanic acid - - - - Ie. 
Phosgene - - - - - = Ty. 
Thiophosgene - - - - - Ik. 


APPENDIX II. 


A very considerable amount of physiological data has been collected 
‘in reference to the substances chloropicrin and phosgene, and the lethal 
dosage for different animals has been expressed graphically, by means 
of curves, showing the relationship between concentrations of the vapour 
and the times of exposure to various concentrations necessary to cause 
the death of animals of different species. 
On the following pages the undermentioned lethal, curves will be 
found :— 
Chloropicrin. —Appendix Ila. Lethal curves for goats, guinea 
pigs, rabbits and rats. 
Chloropicrin.—Appendix Ib. Lethal curves for cats, dogs, monkeys 
and mice. 
Chlozopicrin at low concentrations.—Appendix IIc. Lethal curves for 
goats, guinea pigs, cats, rabbits and rats. 
Phosgene.—Appendix IId. Lethal curves for goats, cats, rats, 
monkeys, rabbits, dogs, guinea pigs and mice. 
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Acetaldehyde Cyanhydrin, see Cyanhydrins_~— - - - : 
Acetone Cyanhydrin, see Cyanhydrins’ - - - 
Acrolein (Acrylic Aldehyde ; Allyl Aldehyde) C, HO - - 
Acrolein Cyanhydrins, see Cyanhydrins_ - - - 
Acrylic Aldehyde, see Acrolein - - - - . . 
Allyl Aldehyde, see Acrolein’ - - - - 
Allyl Isosulphocyanic Ester, see Allyl Isothioeyanate - - 
Allyl Isothiocyanate (Allyl I ONS Ester; Allyl 

Mustard Oil) C,H;NS - - - - 
Allyl Mustard Oil, see Allyl Isothiocyanate - - - - 
Ammonium Fluoride, NH,F - - - - 
Antimoniuretted oe (Antimony Hydride ; Stibine) 

SbH, . - . - 
Maton, Hydride, see Antimoniitetted ‘Hydrogen: “ - 
Araroba (Goa Powder ; HA ce eat CrsHi205 Beas - 
Arsenious Chloride, AsCl, . - . - 
Arsenious Fluoride, AsF, - - - - - - - 


Arseniuretted Hydrogen, see Arsine - - - - - 
Arsine (Arseniuretted Hydrogen) ASH,  - - adit P 
Azomethylene, see Diazomethane- - - - . % 2 
Benzene, C,H, - - : : é : 3 
Benzoyl Chisrides (Up lele Oc! - - 2 . 2 : en 
Benzyl Bromide, CH, to - - : : 2 : ‘ 
Benzyl Chloride, C,H,Cl. - : : : : ; 


Benzyl Disulphide, OF si Se C - - - - S < 
Benzyl Iodide, C,H,I : 2 « P 


Benzyl Suipliacy-amnitlet see Benzyl Phitooyanate : - - 
Benzyl Thiocyanate (Benzyl Se) Cs H,NS - - 
Bromacetone, C;H;,OBr - He - 


Bremussiophenone (Phenacyl Bronce C, H, OBr 


Brombenzene (Monobrombenzene) C,H; Bs - - - si 
Brominated a ae te - - : E ‘ é 


Bromine, Br, - s 4 3 J 
Bromopicrin, CO,NBr,_ - - 7 és : ‘ 


o-Bromphenol, C,H,OBr - - : § : - P 
p-Bromphenol, C,H,OBr - - 2 : 4 : = 


Cacodyl, C,H ,.A8._ - - : : . 4 : ‘ 
Cacodyl Bromide, C,H,BrAs - 2 : a . . A 
Cacodyl Chloride, C,H,ClAs_ - 2 : é ‘ 3 
Cacodyl Cyanide, C;H,NAs  - - “ . ‘ P “ 
Calcium Arsenide, Ca,As, - : 4 ‘ 2 : 4 
Carbon Disulphide, CS, - = Seebeck : : ; , 
Carbon Monoxide, CO~ - = 2 = : : i 
Carbon Oxybromide, see Carbony] Bromide - - “ : 
Carbon Oxychloride, see Phosgene - - : : a 
Carbon Oxycyanide, see Carbonyl saa - - : : 
Carbon Oxysuiphide, COS . : : 
Carbonyl Bromide (Carbon Opibuonnday, COBr, - . - 
Carbonyl Chloride, see Phosgene _ - : ss 
Carbonyl oe he ptee eie Coens Cighon Oxycyanide), 
C,ON, = : a ‘ . 
Chineieetocatool a, ie A Oy Cl - ‘ : 2 
Chloracetone Cyanhydrin, see Gpemb drinks - - x - 
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Chloracetonitrile, see Monochloracetonitrile — - 3 5 2 XCV IL, 
8-Chlor-a-hydroxy-isobutyrie nitrile, see Cyanhydrins — - - XLL. 


Chloral Cyanhydrin (Trichlorlactic nitrile ; Trichlorhydroxy- 


propionic nitrile), C,xH,NCls - - - - - XKAE 
Chlorethyl Thiocyanate, see Ethylene Chlorothiocyanate > 4X OE 
Chlorine, Cl, - - - - - - : - : - XXXII. 
Chlor-m-Xylylene Bromide, C,H,CIBr, - - - - XXXII. 
Chloroethyl Chloroformate, C3;H,O,Cl, — - = ee - - XXXIV. 
Chloromethyl Chloroformate, C,H,O,Cly - : - : - XXXV. 
Chloronitrobenzyl Bromide, C,H,O,NCIBr - : - - XXXVI. 
Chloronitrobenzyl Chloride, C,H,O,NCl, - - - - XXXVI. 
Chloropicrin (Nitrochloroform ; Trichlornitromethane), CO,NCl, 

XXXVIII. 
o-Chlorphenol, C,H,OCI - . : : - - ni) VIE: 
p-Chlorphenol, C,H;OCI - : - . - - - XX VE, 
Chromium Oxychloride, see Chromyl Chloride . - XXXIX. 
Chromyl Chloride (Chromium Oxychloride), CrO,Cl, - - X XXX, 
Chrysarobin, see Araroba ee: - : - - - eV. 
Corrosive Sublimate, see Mercurie Chloride - - - LXXXVI. 
Crotonic Aldehyde (Methyl Acrolein), C,H,O  - - - - XL. 
Cyanhydrins - - : - - - - . - - XLL 
Cyan-iodomethane, see Iodomethyl Cyanide — - - . LXXIII. 
Cyanobenzyl Chloride, C;sH,NCI _ - - . . - 22 (eel 
p-Cyanobenzyl Sulphocyanide (p-Cyanobenzyl Thiocyanate), 

CH, Nos. - - : - estes : : - =) POE EET 
p-Cyanobenzyl Thiocyanate, see p-Cyanobenzyl Sulphocyanide XLII. 
Cyanogen, C,N,.._ - - - - - - . - Soe eL AY. 
Cyanogen Bromide, CNBr - - - - - - - SZCLV. 
Cyanogen Chloride, CNCl - - - . - - - > XLVI. 
Cyanogen Iodide, CNI - . - - . - - - XLVI. 
4° 4°Diamido-3° 3-dimethoxybiphenyl, see Dianisidine — - XLVITI. 
o-Dianisidine (4:4-Diamido-3-3-dimethoxybiphenyl), 

Cyt.OoNe - Poehbos - - - - - XV LEL 
Diazoimidobenzene, see Phenyl Diazoimide — - - . Si WV. 
Diazomethane (Azomethylene), CH,N, - - : - A) EX. 
Dibromodimethyl Ether (Symm.), C,H,OBr, - - - . L. 
Dichlorbenzyl Bromide, C,H,;Cl,Br - . : - - lek 
§3’-Dichlorbutyl Sulphide, C,H,,Cl,8 - - - - - LTT. 
8-8’ -Dichlorethyl Sulphide, C,H,Cl,8 ; . - - . LIU. 
8-8’ Dichlorethyl Sulphide Dibromide, C,H,Cl,Br.8 - - LIV. 
8-9'-Dichlorethyl Sulphone, C,H,0,C1,8 - - : - : LV. 
Dichlorodimethyl Ether (Symm.), C,H,OCl, — - : - - LVI. 
Dichlorodinitromethane, CO,N,Cl, - - - : - = AEE: 
m-Dichlorxylylene Bromide, CsH,Cl,Br, - - Ste oe o AVatE. 
Di-iodo-acetylene, C.I, - - - - - - - - LIX. 
Dimethyl Sulphate, C,H,O,8 - - - - : . - aK: 
Dimethyltellurium Dichloride, CLEAClsie  *s - - . LXI. 
Dimethyltellurium Di-iodide, C.H,I,Te - - - - ane b>, © ui, 
Diphenylantimonious Chloride (Diphenylchlorstibine), 

City Clb - - - - - re ih . - - LXIITI. 
Diphenylarsenious Chloride (Diphenylchlorarsine), CyHyClAs LXIV. 
Diphenylarsenious Oxide, Co,Hs,AscO. ~- - - . - LXV. 
Diphenylchlorarsine, see Diphenylarsenious Chloride - - “DXPV: 

Diphenylchlorstibine, see Diphenylantimonious Chloride - = Le, 
Diphosgene, see Trichloromethyl Chloroformate . Pe O >.< Dy 
Dipicrin, see Trichloronitroethylene — - - - . - CLXIT.: 
Di-o-tolylarsenious Chloride, see Ditolylarsenious Chlorides - LXVI. 
Di-p-tolylarsenious Chloride, see Ditolylarsenious Chlorides - - LXVI. 


Ditolylarsenious Chlorides (Detolylchlorarsines) Cy Clas Ss  ExXVE 
Ditolylchlorarsines, see Ditolyarsenious Chlorides — - - EERE A: 
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Ethoxydichlorarsine, C,H;OCI,As_ - - . - : - LXVILI. 
Ethylarsenious Chioride (Hihuldiohloransine). C,H;CI,As - LXVITITI. 
Ethyl Chloroformate (Ethyl Chiorocarbonate), C;H;O.Cl - - LXIX. 
Ethyl Chlorocarbonate, see Ethyl Chloroformate — - . aca LICEX: 
Ethyl Chlorosulphonate, C,H;O03;CIS - - : - - LXX. 
Ethyldichlorarsine, see Ethylar senious Chloride - . LXVITI. 
Ethylene Chlorosulphocyanide, see Ethylene Chlor othiocyanate LX XE 


Ethylene Chlorothiocyanate ea OR es anaes 


Chiorethyl Thiocyanate) - a°t da XOGE: 
Ethylene Dithiocyanate (Hthylene Sal ham pannie) yi ye ON Soin EXE: 
Ethylene Sulphocyanide, see Ethylene Dithiocyanate — - - LXXIL. 
Ethyl! Iodoacetate (Jodoacetic H'ster), C,H,O.I - - - LXXIII. 
Ethyl Mercaptan, see Mercaptans - - - - - LXXXIV. 
Ethylnitroso-urethane, C;H,,O3,N. - - - . - - LXXIV. 
Ethyl Sulphocyanide, see Ethyl Thiocyanate - - - - LXXV. 
Ethyl Thiocyanate (Hithyl Sulphocyanide), C;5H;NS - - - LXXV. 

és 

Formaldehyde Cyanhydrin, see Cyanhydrins_ - - - - OE: 
Goa Powder, see Araroba - - - - - EV: 
Glyceryl Trichloride, see Enichiochtadr in - - - - CXXXIX. 
Glycollic Nitrile, see Cyanhydrins_ - - - - - - XLI. 
Hydrochloric Acid, see Hydrogen Chloride — - - - UXXVIII. 
Hydrocinnamie Nitrile, see 8-Phenylpropionitrile — - - - CXVII. 
Hydrocyanic Acid (Hydrogen Cyanide), HCN - - - - LXXVI. 
Hydrofluorie Acid (Hydrogen Fluoride), HF - - - LXXVILI. 
Hydrogen Chloride (Hydrochloric Acid), HCl : - LXXVITTI. 
Hydrogen Cyanide, see Hydrocyanie Acid . : - - LXXVI. 
Hydrogen Fluoride, see Hydrofiuoric Acid — - - - LXXVII. 
Hydrogen Phosphide, see Phosphine - - - - - OXxX, 
Hydrogen Sulphide (Sulphuretted Hydrogen), HS - - - LX XTX. 
a-Hydroxy-isobutyric Nitrile, see Cyanhydrins - - - XLI. 
Iodoacetaldehyde, C,H,O01 ~~ - - - - - - - LXXxX. 
Todoacetie Acid, C TO: I - - - Bead Mt te -LXXXI. 
Todoacetic Ester, see Kthyl Fodéaeurses . - - - - LXXITT. 
Todoacetone (lododimethylketone), C,;H,O1 - - - LXXXIT. 
Todoacetonitrile, see lodomethyl Cyanide - - : LXXXITI. 
Tododimethylketone, see Iodoacetone — - - : - LXXXIT. 
Todomethyl ph as (Lodoacetonitrile, Cyan-iodo-methane), 

CoHyNt - - - - - - - LXXXIII. 
ie derponyls see Nickel areata - - . - XCVITI. 
Tsoacetonitrile, see Methyl Isocyanide - - - - “XCIVE 
Isocyanphenyl Chloride, see Phenyicarbylamine Picnianade - CXIO, 
Isonitroso-nitroacetic Ester, see Oximino-nitroacetic Ester - CVI. 
Lactic Nitrile, see Cyanhydrins - - - . 3 - XLII. 
Mercaptans, RSH - - - - - - - LXXXIV. 
Mercurie Alkyl Compounds, H, gh), . > - - - LXXXV. 
Mercurie Chloride (Corrosive Sublomate), HgCl, - - LXXXVI. 
Mercuric Ethide, see Mercuric Alkyl Compounds : 3 LXXXV. 
Mercuric Methide, see Mercurie Alkyl Compounds - - LXXXYV. 
Mercury Diethyl, see Mercuric Alkyl Compounds — - - LXXXYV, 
Mercury Dimethyl, see Mercuric Alkyl Compounds - - LXXXYV. 
Methyl Acroléin, see Crotonic Aldehyde - . - ie 


Methylarsenious Bromide (Methyldibromarsine), CH,Br,As LXXXVIL 
Methylarsenious Chloride (Methyldichlorarsine), CH;Cl,As LXXXVIII. 
Methylarsenious Cyanide (Methyldicyancarsine), C;xH;N,As LXXXIX. 


Methylarsenious Iodide (Methyldi-iodoarsine), CH,I,As_ - - XE: 


fe fee ete pe 


feet fee famed fe ee ed fe 


Feel fed fe peed feed feel feed feet eed 


ee 


pel feed fee pe 


— 


ee ee 


4 





Methylarsenious Oxide, CH,0As_ - - . : - t XOT. 4 
Methylbenzyl Bromides, see Xyly] Bromides - - - oe CIES 
Methylbenzyl Cyanide, (Tolylacetonitrile), OPEN ss: - eur. Wl Laas 
Methyl Carbylamine, see Methyl Isocyanide - . - OT a 
Methyl Chlorosuphonate, CH,0,CIS . - : : ea i eae 
Methyl Dibromarsine, see Methylarsenious Bromide 28 ERE VIET T 
Methyl! Dichlorarsine, see Methylarsenious Chloride - VL XXXVITT. I 
Methyl Dicyanoarsine, see Methylarsenious Cyanide - LXXXIX. 1 
Methyl Di-iodoarsine, see Methylarsenious Todide_ - . . >. CO | 
Methyldioxyanthranol, see Chrysarobin  - - - - - Gia 
Methyl Isocyanide (Methyl Carbylamine ; Isoacetonitrile), 

C,H,N - - - - - - - - ale CRN, AL 
Methyl Mercaptan, see Mercaptans - ; - - . LXXXIV. 1 
Methyl Sulphocyanide, see Methyl Thiocyanate . - oh OVAL al 
Methyl Telluride, C,H,Te - - - - - - MOV A 
Methyl Thiocyanate (Methyl Sulphocyanide), CJH,NS — - XCVI. 1 
Monobrombenzene, see Brombenzene - - - - XV 
Monochloracetonitrile (Monochlormethyl Cyanide ; Chloraceto- 

nitrile), CsH,NCl - - - - - : . 2. XCVIE: 1 
Monochlormethyl Cyanide, see Monochloracetonitrile - + XCV ILI 

_ Nickel Carbonyl, Ni(CO), . - : . : XCVIII. 1 
Nicotine (a-Pyridyl-8-tetrahydro-w-methylpyrrol), Cigeaen . 7 eee 
p-Nitrobenzyl Bromide, C,H,O,.NBr - - : : - O17 
Nitrobenzyl Chlorides, C,H,O.NCI - : - - - - Cilia 
o-Nitrobenzyl Chioride, see Nitrobenzyl Chlorides — - - - CT) a 
p-Nitrobenzyl Chloride, see Nitrobenzyl Chlorides. - - - CIy 
Nitrochloroform, see Chloropicrin - - - RRA VELL 1 
Nitrogen Chloride, see Nitrogen Trichloride — - - - - OMG). 
Nitrogen Peroxide (Nitrogen Tetroxide), N,O,4, NOz - - - Clas i 
Nitrogen Tetroxide, see Nitrogen Peroxide - - ree VA i | 
Nitrogen Trichloride (Netrogen Chloride), NCl, - : - Onaia 
Nitrosyl Bromide, NOBr. - ; : - - - - CIV. 1 
Nitrosyl Chloride, NOCI - - - : Gye al 
Oximino-nitroacetic Ester (Isonitroso-nitroacetic Ester), 

C,H ON, - - - - - - - la se COVES 
Pentachlorphenol, C,;xHOCI, — - =e. > - - - aii CV Abe ak 
Pepper (Piperine), C,,-H,,03N - - - - - erie ELVA 2 FS 
Perchloracetaldehyde, see Trichloracety] Chloride - - CXXXVITI. 1 
Perchlormethylmercaptan (Thiocarbonyl Tetrachloride), CCLS - CIN at 
Phenacyl Bromide, see Bromacetophenone —- - - - XVI. 
Phenylarsenious Chloride (Phenyldichlorarsine), C5H;Cl.As - Cx al 
Phenylarsenious Oxide, C,H;OASs __ - - - - - - CXI. 1 
Phenylbromacetylene, see Phenyl Halogen Substituted Acety- 

lenes - - - - - < ene - - CXV. 1 
Phenyl Carbylamine (Phenyl Isocyanide) GHLN ~ : EAs OOD 
Phenylearbylamine Dichloride (Isocyanphenyl Chloride ; 

Phenylimidocarbonyl Chloride), C,H;NCl, - - : cis Neds ae 
Phenylchloracetylene, see Phenyl Halogen Substituted Acety- 

lenes - - - - . . - - - - CY age 
Phenyl Diazoimide (Diazoimidobenzene), CsH;N3 _ - - a) LY pl 
Phenyl Dichlorarsine, see Phenylarsenious Chloride - - CX. 1 
Phenylethyl Cyanide, see 8-Phenylpropionitrile - - - pORVIT. A 
Phenyl Halogen Substituted Acetylenes, C,H,;X ~ - - A CXV.a 
Phenylimidocarbonyl Chloride, see Phenylearbylamine Di- 

chloride > - : : : . - - - cn ©. @ 8 Bi han | 
Phenyliodoacetylene, see Phenyl Halogen Substituted Acety- > 

lenes - - - - - : - - - CXV. 1 
Phenyl Isocyanide, see Phenyl Carbylamine - - - eriaaels, Bio) Bi iy | 
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Phenyl Isosulphocyanide, see Phenyl Isothiocyanate - - CXVI. 
Phenyl Isothiocyanate (Phenyl I eee Phenyl 
Mustard Ou ; Thiocarbanil), C,H,NS - - - CXVI. 
Phenyl Mustard Oil, see Phenyl isothieéyanate - - «> ORV. 
g-Phenylpropionitrile (Hydroconnamic Nitrile ; pei eKtA 
Cyanide), C,H,N : - - - - ~ CXVIT. 
Phosgene (Carbonyl Chloride ; Carbon Oxychloride), coc CXVIII. 
** Phosgene Cyanide,” see Carbony] oe - - - - MAXIX, 
Phosphenyl Chloride, C,H;Cl,P - a C2OEX. 
Phosphine (Hydrogen Poulan Piceohor ited H yitrogen), PTs Cpa: 
Phosphoretted Hydrogen, see Phosphine - =n OE 
Phosphorus Sulphochloride, see aay on esphoty Chiat ide CXXXIV 
Phosphorus Trichloride, PCl, - CXXIT 
Phosphorus Trifluoride, PF, - - - - - - - CXXII 
Piperine, see Pepper . - - CVI 
a-Pyridy1!-8-tetrahydro-w- nethylpyrr ol, see Nicotine - - XCIX. 
Pyrosulphuryl Chloride, 8,0;Cl, ~ - - - - CXXITI. 
Selenium Alkyl Compounds, see Methyl Telluride - - - XCV. 
Silicon Tetrachloride, SiCl, — - . . - : : = CXXIV,; 
Stannic Chloride, SnCl, - - - - - - 2 IO XIEV, 
Stibine, see eiinoniarceted Hydrogen - . - . - Til. 
Sulphur Dioxide (Sulphurous Anhydride), SO, . - - CXXVI. 
Sulphuretted Hydrogen, see Hydrogen Sulphide — - - LXXIX. 
Sulphuric Anhydride, see Sulphur Trioxide - : CXXVIT. 
Sulphurous Anhydride, see Sulphur Dioxide - CXXVI. 
Sulphur Trioxide (Sulphuric gue esue a SO, - - CXXVII. 
Sulphuryl Chloride, SO,Cl,_—- - - - - CXXVIII. 
ac-'Tetrahydro-8-Naphthylamine, C,jH,,N - - - - CXXIX. 
Thiocarbanil, see Phenyl [sothiocyanate - . - - = SOXVE 
Thiocarbonyl Chloride, see Thiophosgene - a eer CXXXITI. 
Thiocarbonyl Tetrachloride, see i SokG Vague cima A - CIX. 
Thionyl Aniline, C,H,ONS — - - - - - - CUXXX 
Thionyl Chloride, SOC, - - . - - - - CXXXIT. 
Thionyl Fluoride, SOF, - - - - CXXXIT. 
Thiophosgene CPhvosart onal Olionidey CSCI, - CXXXITI. 
Thiophosphoryl Chloride (Phosphorus eos ide), PSCl, CXXXIV. 
Titanium Tetrachloride, TiCl, - - - CXXXV. 
Toluene, C,H, - - - - CXXXVI. 
Pol tae toni, see Mechylbenzyl Coa - - - Bes (On ile 
Trichloracetonitrile (T'richloromethyl Cyanide), C,NCl, CXXXVII. 
Trichloracetyl Chloride (Perchloracetaldehyde), C,OCI, CXXXVITI. 
Trichlorhydrin (a-8- eC ne: : Guu Trv- ; 
chloride), C,H;Cl, - - - CXXXIX. 
ircmedivdre spronione Miueiio’ see Chicral Geanhydrin - XXX, 
Trichlorlactic Nitrile, see Chloral Cyanhydrin - - - =. XX 
Trichlornitromethane, see Chloropicrin - - «XOX VLE 
Trichloromethyl Chloroformate (‘‘ Diphaesenes a), C5OsEl, CXL. 
Trichloromethyl Cyanide, see Trichloracetonitrile = - - CXXXVII. 
Trichloromethylsulphonic Chloride, CCl,SO, - - - | CALE. 
Trichloronitroethylene (Dupicrin), C,O,NCl, — - . - - CXLII. 
a: 8-y-Trichloropropane, see Trichloch dan - - CXXXIX, 
Triphenylantimony Dibromide AF a ey ane eeronudes 
C,,H,;Br.Sb - - - : CXLITI. 
Triphenylantimony Dichloride (Triphenylstibine Dichloride), 
C,,H,;Cl,Sb . - - - . CXLIV. 
Triphenylarsenic Bromide (Lriphenylarsine Dreewide. 
Ci3H1,Br.As - - - CXLY, 
Triphenylarsenic Ciloride i ee Dicchlonaen 
Cy,H,,Cl,As - > - - - - - - - CXLVI. 
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Triphenylarsenic Hydroxide (Triphenylarsine Dihydroxide), 


Cy3H1,0.As - . - CXLVII. 
Triphenylarsine, C,;,H,;As - - : - - - CXLVIII. 
Triphenylarsine Dibromide, see Triphenylarsenic Bromide - CXLY. 
Triphenylarsine Dichloride, see Triphenylarsenic Chloride - CXLVI 
Triphenylarsine Dihydroxide, see Triphenylarsenic Hydroxide CXLVII. 


Triphenylbismuth Dichloride (Triphenylbismuthine Dichloride), 


Ci3H,,CLBi ., - - . - - - - CXLIX. 
Triphenylbismuthine Dichloride, see Triphenylbismuth Di- 

chloride wie - - - . - - - CXLIX. 
Triphenylstibine Dibromide, see Triphenylantimony Dibro- 

mide - CXLIT. 


Triphenylstibine Dichloride, see Triphenylantimony Dichloride CXLIV. 
Tri-p-tolylarsenic Bromide (Tri-p-tolylarsine Dibromide), 


Co,H.,Br,As - - - Cis 


Tri-o-tolylarsenic Chloride, see Tri-p-tolylarsenic Chloride — - CLI. 
Tri-p-tolylarsenic Chloride (Tri-p-tolylarsine  Dichloride), 


Co,H.,Cl,As - adie - - - - CLI. 
Tri-p-tolylarsine Dibromide, see Tri-p-tolylarsenic Bromide - CL. 
Tri-p-tolylarsine Dichloride, see Tri-p-tolylarsenic Chloride — - CLI. 
Vinylglycollic Nitrile, see Cyanhydrins— - - : - - XLI. 
Xylenes, CgHi - - - . - - . . = Le U@ISLP, 
Xylyl Bromides (Methylbenzyl Bromides), C,H,Br_ - - = OMe: 
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